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A B S T R A C T 
Plio-Pleistocene Drainage Evolution of the Vera Basin, S E Spain 
Martin Stokes 
The Vera Basin is used as a case study to examine the structural evolution and sedimentary response of a 
basin undergoing uplift and inversion during the Plio-Pleistocene. Particular emphasis is placed on the 
drainage evolution during that period. Located within the Internal zone of the Betic Cordilleras, the Vera 
Basin is defined within a large left-lateral shear zone and has evolved as a reponse to isostatic uplift from 
nappe emplacemem during the Oligocene, and by regional compressive tectonics. Since basin formation 
during the Seravallian, sedimentary fill has been dominantly marine. During the Plio-Pleistocene a switch 
from marine to continental conditions occurred. These sediments (Cuevas, Espiritu Santo and Salmcr6n 
Formations) represent the final stages of basin fill and form the focus of this study. 
The Cuevas Formation represents an early Pliocene marine transgression within the Vera Basin. Early 
sedimentation infilled a pronounced submarine topography produced by a rapid laie Miocene fall in sca-
Icvel. A broad, shallow shelf platform area existed which opened out to the Pliocene Mediterranean Sea 
towards the east. Along the northern and western basin margins, wave dominated shorelines were formed. 
Structural activity was confined to low amounts of basin subsidence and limited left lateral strike-slip 
movement along the Palomares Fault Zone. 
The Espiritu Santo Formation marks a major palaeogcographic reorganisation and the final marine phases 
of the Vera Basin during the mid to late Pliocene. Unsteady strike-slip movement along the Palomarcs fault 
zone on the eastern basin margin partially enclosed the Vera Basin by northwards movement of a 
structurally detached landmass. Gilbert-t>'pe fan-delta bodies prograded westwards from the landmass 
(Sierra Almagrera), infilling the central region of the basin. Early fan-delta sediments were reworked into 
shoreline areas along the western and northern basin margins. Western margin shorelines retreated 
northwards as a response to partial enclosure and a gradual lowering of sea-level. Late stages of the Espiritu 
Santo Formation, saw a fan-delta body prograde from the northern basin margins. Interaction between the 
basinal and marginal fan-delta bodies enclosed the northern region of the Vera Basin. A s^vamp/mangrove 
environment developed within the enclosed northern basin area suggesting a humid, sub-tropical climntc. 
Continental conditions were established during Salmer6n Formation times in the late Pliocene. Along the 
western and northern basin margins, the retreating Pliocene shorelines provided a topography onto which 
the primar>' consequent drainage network developed. Three separate drainage s>'stems can be identified on 
the basis of clast assemblages, palaeocurrcnts, depositional st>'le and morphological expression. Early 
deposition was characterised by the progradation of alluvial fans of two drainage systems (Cuevas & Jauro), 
sourced from the northern and western basin margins. Distal areas of the northern fan s>'stem intercalated 
with an evaporitic playa lake. A third drainage system in the northwest of the basin (Salmeron) developed 
within a topographic low between the two fan systems. An increase in structural activity towards the end of 
the Salmer6n Formation was characterised by a basin wide phase of north-south compression. Uplift and 
extcnsional faulting lead to abandonment of the primary drainage network. Fan entrenchment and minor re-
routing of sediment supplies marked the establishment of a new secondary consequent drainage network 
during the Pleistocene. 
The Pleistocene drainage network records the progressive dissection of the Vera Basin as a response to 
ongoing regional epeirogenic uplift. During this post-inversion phase the Rios Antas, Almanzora and Aguas 
developed respectively along the western, northern and southern basin margins as a series of braided 
streams. Distal, coastal areas of this drainage network are recorded by a series of Pleistocene shoreline 
sequences which developed as a response to fluctuating sea-level during the Pleistocene glacial and 
inlerglacial periods. Early Pleistocene proximal parts of the drainage network are well preserved. Distal 
parts of the Pleistocene fluvial system display limited evidence for interaction between the drainage network 
and shoreline sequences. This lack of preservation relates to the high energy, wave dominated deposilional 
setting of the Pleistocene shoreline areas which reworked fluvial sediment inputs into the shoreline 
environment. 
The Plio-Pleistocene evolution of the Vera Basin, and in particular the development of the fluvial sj'stem 
during this period has been highly complex. Despite the importance of sea-level and climatic controls, 
tectonic activity during this period of basin inversion has been the dominant control on the positioning of 
the drainage networks, depositional stjies and sediment supply. 
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1.1 INTRODUCTION 
The analysis of sedimentary basins has typically focused upon the structural mechanisms which 
control basin development (e.g. McKcnzie, 1978; Wernicke, 1985; Coward et aL, 1987; Kuznir et 
a/., 1991). During their formation it is common for sedimentary basins to undergo a prolonged 
period of subsidence followed by a phase of uplift and inversion (e.g. Ziegler, 1984). During the 
inversion phase the sedimentary' basin will display a switch fi-om net aggradation of sediment to net 
dissection. Sedimentary successions may record the inversion phase by displaying a switch from 
marine to continental deposition. With the onset of continental conditions a consequent primary 
drainage network is developed, evolving by network expansion and then a decrease in stream density 
as the basin undergoes dissection (Mather & Harvey, 1995). 
Little research has been undertaken on the structural and sedimentary' evolution of a basin 
undergoing inversion. Only recently have studies of late Tertiary and Quaternary sedimentary basins 
(Sorbas and Guadix) in southeast Spain examined the long term sedimentary response of basins 
undergoing uplift and inversion following a prolonged phase of subsidence during which marine 
sedimentation prevailed (e.g. Harvey & Wells, 1987; Mather, 1991; 1993; Viseras. 1991; Viseras & 
Fernandez, 1992; Mather & Harvey, 1995). By analysing in detail the late stages of basin f i l l , with 
particular emphasis on the establishment and evolution of drainage networks, both Mather (1991) 
and Viseras (1991) demonstrated that sediment supplies may be dramatically re-routed from one 
basin to another within basins undergoing inversion and that the drainage patterns ultimately reflects 
the tectonic patterns and vice versa. The general lack o f research in this field may relate to poor 
exposure or more probably due to a lack of preservation, particularly within the ancient sedimentary 
record where the switch from deposition to erosion may lead to the complete destruction of 
sedimentary basins. 
This study builds on the research of Mather (1991) and examines the sedimentary basin of Vera. 
Located within the Belie Cordillera of southeast Spain the late stages of basin fill are preserved 
within Plio-Pleistocene marine and continental sedimentary successions. Pleistocene dissection of the 
basin has provided excellent exposure through this sedimentary fill and allows for the Plio-
Pleistocene history of the Vera Basin to be traced and accounted for during the inversion phase. 
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1.2 ATMS O F T H E STUDY 
The Vera Basin is used as a case study to examine the sedimentary and structural evolution of a 
basin undergoing inversion. Emphasis is placed upon the drainage evolution during this period. The 
study aims to: 
1. Outline the final marine phases of sedimentation during the Pliocene and identify the major 
controls on sedimentation patterns. 
2. Describe and account for the st>'les and distribution of deformation affecting the Vera Basin 
during the Plio-Pleistocene. 
3. Trace the inauguration and long term evolution of the drainage networks in the basin from the 
late Pliocene through to the mid-late Pleistocene. 
4. Describe the stratigraphy and spatial distribution of Pleistocene shoreline levels in order to 
identify any response of the distal fluvial system to sea-level changes. 
5. Address the evolving relative importance of sea-level, climate and tectonics on depositional 
styles within the basin during the late stages of basin f i l l . 
1.3 R E G I O N A L G E O L O G I C A L S E T T I N G 
1.3.1 The Betic Cordilleras 
The Vera Basin is one of a series of interconnected Neogene sedimentary basins located within the 
Internal Zone of the Betic Cordilleras, southeast Spain (Figure 1.1 & 1.2). Formation, evolution and 
destruction / partial destruction of these Neogene sedimentary basins is directly related to the 
geodynamic history of the Betic Cordillera (Sanz de Galdeano & Vera, 1992). 
The Betic Cordillera form an ENE-WSW trending Alpine thrust and fold belt, and geologically 
represent the western most extension of the Alpine chain, formed during rifling of the Atlantic Ocean 
and the closure of Tethys (Pitman & Talwani, 1972; Dewey et aL, 1973; Biju-Duval et. al., 1977; 
Dercourt et ai, 1986). They are an example of a collisional erogenic belt, termed the Betic-Rif 
orogcn, created within the zone of interaction between the African and Iberian plates (Biermann, 
1995). 
Chapter 1: Introduction 
S U B - B E T I C 
SuKBBUcTjrr/Betjc-
Almigrer* 
Almagra 
Slarra da los Fllabres V E R A 
B A S I N 
SItrra Nevada 
/ X x y X 
Serra 
5 5 £ H K 5 H E R I B E T I C : N A P P E S 
Mediterranean Sea 
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1.3.2 Internal and External Zones 
Traditionally the Betic Cordillera have been subdivided into Exiernal and Internal zones (Figure 
1.1 A), each relating to a separate continental block distinguished on the basis o f lithological, tectonic 
and palaeogeographic criteria (Fallot, 1948; Sanz de Galdeano, 1990; Montenat, 1996). 
The External zone forms the northern part of the Betic Cordillera (Figure L I B ) and comprises an 
autochthonous folded terrane linked to the Spanish Meseta called the Pre-Betics and an 
allochthonous Sub-Betic domain thrust northwards over the Pre-Betics (Fallot, 1948; Garcia-
Hemandez et al., 1980; Sanz dc Galdeano, 1990). The Internal or *Betic' zone occurs within the 
southern part of the Betic Cordillera (Figure L I B ) and comprises an allochthonous tcrrane of 
superimposed tectonic or nappe units termed the Ncvado-Filabridc, Alpujarride and Malaguide 
Complexes (Egeler & Simon, 1969; Sanz de Galdcano, 1990; Sanz dc Galdeano & Vera, 1992). 
Formation of these nappe units relates directly to the Tertiary-Quaternary geod>'namic evolution of 
the Betic Cordillera. 
1.3.3 Early Tertiary Geodynamics 
Development of the Internal Zone is of particular relevance to this study due to the location of the 
Vera Basin widiin it. Although highly complex and still largely not understood, the origins of the 
Internal Zone can be traced back to the late Cretaceous during the initial formation of the Betic 
Cordilleras. A summar>' of the early to late Tertiary geod>'namics of the Betic Cordillera is presented 
within Table 1.1. 
The early history of the Internal Zone relates to the closure of the Tethys Ocean. During closure 
subduction and obduction of elements of the African plate underneath the Iberian plate lead to the 
initial emplacement of several stacked nappe structures in a deep crustal environment (Nevado-
Filabride Complex of Egeler & Simon, 1969). Nappe emplacement was accompanied by initial low 
temperature / high pressure metamorphism and subsequent polyphase ductile deformation (Bakker, 
et al., 1989; Bakker, 1991; Biermann, 1995). According to Torres-Roldan (1979) the changing 
metamorphic conditions of the Nevado-Fi lab ride Complex can be described as "plurifacial". 
The final closure of Tcthys during the eariy Oligocene resulted in crustal thickening of between 30-
40km under Morocco and Spain respectively (Weijermars, 1985). Crustal thickening marked the 
formation of the Betic-Rif arc (or Arc of Gibraltar) which had an arcuate arrangement running from 
southern Spain, round across the straits o f Gibraltar and into Morocco, enclosing an area termed the 
Alboran Basin. Uplift of the Alboran Basin by the emplacement of a mantle diapir during the late 
Oligoccnc resulted in the formation of a crustal topographic high. Modem day evidence for the 
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Chronology Epoch/Stage/Period Geodynamic Event 
Late Miocene 
5 - 2 Ma Pliocene 
- Major movement along the 
Trans-Alboran shear zone. 
- Inversion of sedimentary basins by 
epeirogenic uplift. 
Mid Miocene 
12-7 Ma Tortonlan 
• Compresslonal tectonic phase leading 
to cnjstal shortening with movement 
being taken up along the Trans-Alboran 
shear zone and associated faults. 
• Initial formation of the basin and range 
structure within the Betics. 
Early-Mid Miocene 
25-20 Ma 
Burdigalian 
- Alboran Basin subsidence due to cnjstal 
cooling and detachment of the mantle 
diapirfrom its heat source. 
- Isostatic uplift of the Beti-Rif arc and 
emergence as a topographic relief. 
Early Miocene 
25-20 Ma Aquitainian 
- Alboran mantle diapir creates a crustal 
hiqh. 
- Nappe shedding from topographic high 
leads to emplacement of the Hioher Betic 
Nappes (Alpujam'de & Malaguide). 
• Extensional tectonic phase. 
Palaeogene 
65-20 Ma Oligocene 
• Rnal closure of Tethys In the Western 
Mediterranean. 
Cretaceous 
140-165 Ma Late Cretaceous 
- Emplacement of Nevado-Filabride nappe 
by subduction and obduction resulting in 
metamorphism and polyphase 
deformation. 
Table 1.1 - Summary of the main geodynamic events during the evolution of the Betic 
Cordilleras (modified from Weijermars, 1991). 
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remnants of a mantle diapir is confirmed by seismic reflection profiles (Banda et al., 1983) and 
gravimetric anomalies (Bonini et al., 1973; Loomis, 1975). Unroofing of this crustal topographic 
high by a gravity driven nappe shedding process led to the emplacement of the younger or Higher 
Betic nappes (Alpujarride and Malaguide complexes of Egeler & Simon, 1969) (Weijermars, 1985) 
(Figure 1.3i). Research by Piatt and others within the Internal Zone (e.g. Piatt et al., 1983; Piatt & 
Behnnann, 1986, Piatt 1986, 1987, Piatt & Vissers, 1989) proposed an alternative mechanism of 
simple crustal thickening by subduction-obduction related to the continental collision of Aftica and 
Europe in order to provide an ancient topographic high within the Alboran Basin prior to nappe 
shedding. The formulation of two such contrasting models highlights the geodynamic compIexit>' of 
the Betic Cordillera. 
1.3.4 Late Tertiary-Quaternary Geodynamics 
A regional cxtensional tectonic phase took place during the late Oligocene and early Miocene during 
the final phases of nappe emplacement (Piatt & Vissers 1989; Sanz de Galdeano, 1990). Thermal 
subsidence of the Alboran Basin during this period related to cooling of the Alboran mantle diapir 
following detachment from its heat source lead to formation of the Alboran Sea (Weijermars, 1991; 
Biermann, 1995). Contemporaneous with the basin subsidence was isostatic recovery of the marginal 
areas of the Alboran Basin. This resulted in uplift and establishment of the Betic-Rif Arc / Arc of 
Gibraltar as a dominant relief within the region (Weijermars, 1991) (Figure 1.3ii). 
An abrupt switch to compressional tectonics during the early to mid Miocene resulted in parts of the 
eariicr collision zone being thrust onto the Iberian continental margin (Piatt & Vissers, 1989; 
Biermann, 1995). This compressional phase marked the final emplacement of the nappe structures. 
Compression was in a NNW-SSE and N-S direction (Hall, 1983; Boccaletti et al., 1987; Coppier et 
al., 1989; Sanz de Galdeano, 1990) resulting from the continuing convergence of the African and 
Iberian plates. The subsequent compressive interaction between these plates lead to the formation of 
a series of major strike-slip fault systems collectively termed the Trans-Alboran Shear Zone 
(Larouziere et al., 1988). Orientated NE-SW, the shear zone is characterised by an overall sinistral 
(left lateral) sense of movement and can be traced for several hundred kilometres and runs onshore 
from Almeria to Alicante (Hernandez et al., 1987), cutting through several of the nappe structures 
of the Betic Cordilleras. In the Almeria region, the Trans-Alboran shear zone consists of a series of 
large fault systems including the Palomares and Carboneras faults. These faults play an important 
role in defining the sedimentary basins of the region. Variations in displacement along these faults 
has resulted in localised extension and compression forming networks of basement highs and 
sedimentar>' basins (Keller et al., 1995). Movement along the Palomares fault (Bousquet et al.. 
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1975; Weijermars, 1987) has had a direct influence on the formation of the Vera Basin and its 
resultant structural evolution (see Chapter 3). 
Ongoing uplift of the Betic-Rif arc following nappe emplacement in the mid Miocene combined with 
the regional compressive tectonic regime has lead to many of the Neogene sedimentar>' basins in 
south-east Spain undergoing inversion during the late stages of their evolution (Mather, 1991, 1993). 
This process of epeirogenic uplift and subsidence as part of the ongoing regional tectonic 
development o f the Betic Cordilleras has played an important role in the initial formation and 
ultimate destruction of many of the Neogene sedimentary basins within the Internal Zone. 
1.4 S T R A T I G R A P H Y O F T H E V E R A BASIN 
Stratigraphically, the Vera Basin consists of two major components: Alpine basement and Ncogene 
sedimentar>' fill. The stratigraphy of both these components is a function o f the basin and range 
organisation of the Betic Cordilleras. The mountain ranges or sierras are composed of Alpine 
basement which form a series of topographic highs within the region that are orientated in an east-
west direction related to their emplacement and subsequent refolding during the early to mid Miocene 
(Weijermars, 1985a). Basinal areas located inbetween the sierras are composed almost entirely of a 
Neogene sedimentary fill. The following sections (1.5 & 1.6) describe the stratigraphy of the 
basement and sedimentary basin fill specific to the Vera Basin (Figure 1.4). 
L5 ALPINE B A S E M E N T G E O L O G Y 
1.5.1 Introduction 
The Vera Basin is bordered to the north, south and west by a series o f sierras composed of 
Mesozoic, Palaeozoic and older basement (Figure 1.4). Due to their importance in provenance 
studies within this thesis the stratigraphical and lithological characteristics of the basement are 
considered in more detail below. 
On the basis o f their relative age, degree of metamorphism and correlation with regional basement 
lithological pattems, the basement can be simply divided into three major Betic complexes or 
tectonic units. Basement terminology utilises the established classification o f Egeler and Simon 
(1969) (Figure 1.5): 
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3. Malaguide Complex youngest 
2. Alpujarride Complex J 
1. Nevado-Filabride Complex oldest 
The stratigraphic relationship of the basement complexes results from structural superimposition as 
a series of thrust nappe units which relate to the development of the Betic Cordilleras and their 
subsequent geod>Tiamic evolution (see section 1.3) (Egeler & Simon, 1969; Torres-Roldan, 1979). 
Each complex can generally be differentiated by the extent o f metamorphic deformation, the Nevado-
Filabride Complex being highly deformed, the Alpujarride Complex less deformed and the 
Malaguide complex showing little or no deformation (Egeler & Simon. 1969). This statement 
however relates more to the phases of deformation to which each tectonic complex has been 
subjected (Torres-Roldan, 1979). 
1.5.2 Nevado-Filabride Complex 
The Nevado-Filabride Complex forms the dominant Betic complex within the sierras surrounding the 
Vera Basin. It occurs as major outcrops in the Sierra de los Filabres (Sierra de Bedar & Sierra 
Lisbona) (Nijhuis, 1964; Bicker, 1966), the Sierra Almagra (Bicker, 1966) and Sierra Almagrera 
with minor outcrops in the Sierra Cabrera (Rondeel, 1965) (Figure 1.4). 
The term Nevado-Filabride Complex was introduced by Egelcr (1963) to describe all of the 
melamorphic rocks exposed underneath the Higher Betic nappes. A generalised stratigraphic 
subdivision for the eastern Betic region was based on the correlation with two lithologically distinct 
tectonic units from the Sierra Nevada region, characterised by a lower tectonic unit originally termed 
the "Crystalline Schists of the Sierra Nevada" and an upper tectonic unit originally termed the 
"Mischungszone" (mixed zone) by Brouwer (1926a»b) (Figure 1.5). Weijermars (1991), as part of 
his review of the geology and tectonics of the Betic zone referred respectively to Brouwer's original 
units as the Nevado-Lubrin Unit (Nijhuis, 1964) and Higher Nevado-Filabride Unit (Figure 1.5). 
However, within the eastern Sierra de los Filabres bordering the Vera Basin, the crystalline schists of 
the Sierra Nevada are absent and several localised, stratigraphically and lithologically distinct 
tectonic units corresponding to the Mischungzone (mixed zone) can be identified. In ascending 
stratigraphic order these are: Bedar, Nevado-Lubrin, Chive and Lisbona Units (Bicker, 1966) 
(Figure 1.5). The principal age ranges, local stratigraphic name and lithological characteristics of 
these units are described below. 
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Figure 1.5 - Stratigraphy and basement terminology used within this study. 
Terminology is based upon the work of Bicker (1966) and Egeler & Simon (1969) within 
the Sierra de los Filabres and Sierra Almagra. A comparison with other frequently used 
terminology for the Nevado-Filabride nappe is shown. 
Tabemas Basin 
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Sorbas Basin 
(Mather. 1091) 
Vera Basin 
(VAOc&Rondoel, 1964) 
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Terrace Sequence 
Terrace Sequence 
Terrace Sequence 
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Gador Formation Salmer6n Formation 
Pliocene 
Gochar Formation Polopos Formation 
Abrloja Formation 
Esplrftu Santo 
Formation 
Carlatlz Fonmation Cuevas Formation Cuevas Vlejas Formation 
Table 1.2 - Comparison of the stratigraphy used in basins adjacent to the Vera Basin. 
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Youngest 4. Lisbona Unit - Triassic mica-schists and meta-carbonates with 
local intercalations of amphibolite. 
(Mosquitos schists, Cabrero marbles, Lifona marbles & schists). 
3. Chiv6 Unit - Permo-Triassic chlorite mica schists, amphibolites and tourmaline 
gneisses (Las Casas marbles & schists, Salvador amphibolites). 
2. Nevado-Lubn'n Unit - Palaeozoic to Permo-Triassic mica schists, garnet mica-
schists and quartzites with localised intercalations of carbonate and 
g>psum (Tahal schists, Mojon marbles. Las Casas marbles & schists). 
1. B6dar Unit - Palaeozoic and older graphite schists and tourmaline gneiss 
Oldest complex. 
Lithologically, these units are characterised by a general medium to high grade mctamorphism 
corresponding to a greenschist facies (Weijermars, 1991) related to the eariy emplacement of the 
Nevado-Filabride Complex eariy in the geod>'namic history o f the Betic Cordilleras. 
1.5.3 Alpujarride Complex 
The Alpujarride Complex occurs as a spatially less extensive Betic complex within the sierras 
surrounding the Vera Basin. The Complex is represented by minor exposures within the Sierra de los 
Filabres (Bicker, 1966), Sierra Cabrera (Rondeel, 1965) and Sierra Almagrera, and major exposures 
within the Sierra Almagra (Bicker, 1966) (Figure 1.4). Stratigraphically, the Alpujarridc Complex is 
structurally superimposed onto the Ncvado-Filabridc Complex by thrusting in a north to northwest 
direction (Piatt et aL, 1983). Lithologies of the Alpujarride Complex are generally characterised by 
low to medium grade of metamorphism (Egeler & Simon, 1969) 
Forming part of the Higher Betic nappes, the Alpujarride complex was originally defined by Simon 
(1963) as the sequences located above the Nevado-Filabride Complex and below the Betic of Malaga 
with affinities to the Betic sequences which occur in the Sierra de las Alpujarras near Malaga. The 
principal outcrops within the Sierra Almagra in the northern and northwestern regions o f the Vera 
Basin show evidence for two distinct tectonic units (Bicker, 1966) (Figure 1.5). Here, the lower 
tectonic unit of the Alpujarride Complex comprises a sequence of Triassic meta-argillites, phyllites, 
mica-schists and quartzites, with localised intercalations of meta-carbonates and gypsum overlain by 
meta-carbonates with localised pelitic intercalations of the Ballabona Unit (Bicker, 1966). Upper 
parts of the Alpujarride Complex correspond to Variegato Unit (Bicker, 1966). The t>pical 
sequence comprises Triassic schists, quartzites, marbles, gneisses overlain by bluish grey phyllites 
and quartzites. These in turn are overiain by a unit of purple-reddish coloured phyllites and 
quartzites with localised gypsum, which are superseded by meta-carbonates (Bicker, 1966). 
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1.5.4 Malaguide Complex 
The Malaguide Complex fonns the second, upper part of the Higher Betic nappes and is structurally 
superimposed onto the Alpujarride Complex. Also known as the Betic of Malaga, the Malaguide 
Complex occurs as minor outcrops within the Sierra Cabrera and Sierra Almagra (De Booy & 
Egeler, 1961; Rondeel, 1965; Bicker, 1966) (Figure 1.4). The complex consists o f low grade 
metamorphic schists, phyllites and pelites, and non-metamorphosed greywackes, sandstones, 
conglomerates and carbonates of Palaeozoic to Oligocene age (Rondeel, 1965; Bicker, 1966) (Figure 
1.5). Lithologies of the Malaguide Complex are of no significant value for the provenance studies 
made within this thesis due to their limited outcrop extent within the sierras surrounding the Vera 
Basin. 
1.6 N E O C E N E B A S I N F I L L 
The slratigraphic nomenclature for the sedimentary f i l l of the Vera Basin is taken from Volk and 
Rondeel (1964) unless otherwise stated, and is illustrated within Figure 1.6. A comparison of the 
stratigraphic nomenclature used within Vera and other adjacent Neogenc sedimentary basins is 
presented within Table 1.2. 
The first stratigraphic study of the Vera Basin was undertaken by Molina and Alvargonzalez (1963) 
who mapped sedimentary and basement units on the northern and southern margins of the basin. 
This was a simplistic approach, with sedimentary units mapped as mid to late Miocene only with no 
further stratigraphic sub-division. Volk and Rondeel (1964) formulated a more detailed stratigraphic 
sub-division of the Vera Basin which formed the basis of their mapping theses (Rondeel, 1965; Volk, 
1967a). 
Sediments were simply divided into Older and Younger Neogenc sequences. The Older Ncogene 
sequences represent the first phases of basin filling and include early to mid Miocene sediments 
ranging from the oldest Burdigalian/Serravallian age through to Tortonian age. The Younger 
Neogenc sequences represent the main basin filling phases during the mid and late Miocene and 
include sediments of Tortonian, Messinian and Pliocene age. A distinction beUveen Older and 
Younger Neogene sequences was made by the extent of their deformation, with the older Neogene 
sequences displaying a greater degree of deformation than the younger Neogene sequences. It was 
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Figure 1,6 - Stratigraphic column for the Vera Basin. Modified from Volk (1967a) 
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also observed that the Older Neogene sequences were dominated by Alpujarride derived clasts but 
devoid of Nevado-Filabride material (Volk, I967a,b) implying that the Nevado-Filabride nappe was 
progressively erosionally unroofed during the first stages of deposition within the Vera Basin. A 
chronostratigraphy was applied to the stratigraphic framework based upon micropalaeontological 
studies by Volk (1967a). 
The following sections introduce the sedimentary' f i l l of the Vera Basin. The stratigraphy is 
considered in ascending stratigraphic order and is used to construct a palacogeography, highlighting 
the main depositional environments as the Vera Basin evolved during the Mio-Pliocene. By tracing 
the development of the Vera Basin from its initial formation in the early Miocene through to the 
beginning of the final stages of basin fill in the early Pliocene a palaeogeographic setting is provided 
for the establishment of the primary consequent drainage neUvork during the late Pliocene. 
1.7 O L D E R N E O G E N E F I L L {Early to Mid Miocene) 
Sedimentary units of Older Neogene age arc limited to the northern and southern margins of the Vera 
Basin (Figure 1.4). These units (Alamo, Gomara, Umbria and Mofar Formations: Figure 1.6) are 
located in confined, narrow faulted zones at the foot of the Sierra Cabrera in the south and the Sierra 
Almagra in the north (Volk & Rondecl, 1964; Rondeel, 1965; Volk 1967a; Alvado. 1986). 
Sediments are Burdigalian-Serravallian to lower Tortonian in age and comprise a mixture of marine 
deep to shallow water limestones, marls and sandstones; together with continental sandstones and 
conglomerates (Rondeel, 1965; Volk, 1967a; Alvado, 1986). 
Lack of exposure and intense deformation of the Older Neogenc sediments make any 
palaeogeographic reconstruction difficult to make. Continental and shallow marine sediments suggest 
that some form of positive topographic relief may have been present, forming the northern and 
southern margins of the basin. 
1.8 Y O U N G E R N E O G E N E A N D P L E I S T O C E N E F I L L {Late Miocene to Plio-
Pleistocene) 
1.8.1 Introduction 
The Younger Neogenc sediments form the main sedimentary fill of the Vera Basin and are separated 
from the Older Neogene sediments by a pronounced angular unconformity. Younger Neogene 
sediments are generally undeformed and mainly comprise a thick succession (1.2km) of basinal and 
shelf marine sediments, corresponding to three major marine transgressions which occurred 
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respectively during the Tortonian, Messinian and Pliocene (Weijermars, 1991). The spatial 
distribution of all the Younger Neogene sediments implies that some form of topographic relief 
bordering the Vera Basin existed during each of the main transgressive cycles (Rondeel, 1965; Volk, 
1967a,b; Weijermars, 1991). 
In the following sections the Younger Neogene sedimentary f i l l of the Vera Basin is described in 
ascending stratigraphic order. Each stratigraphic Formation is considered in order to provide a 
palaeogeographic setting for the final stages of basin fill during the Plio-Pleistocene which form the 
focus of this study. 
1.8.2 Mid-Late Miocene (Late Tortonian) 
Late Tortonian sediments of the Chozas Formation mark the first marine transgression within the 
basin. Located along the nordiem and southern basin margins (Figure 1.4), the Chozas Formation 
comprises a sequence of red conglomerates (Sarlador Member), overlain by grey conglomerates, 
sandstones (Loma Colorada Member) and white marls (Gatar Member) (Rondeel, 1965; Volk, 
1967a; Alvado, 1986; Martin-Penela & Barragan, 1995). Overall this sequence represents initial 
deposition by alluvial fans within a continental environment (red conglomerates) changing to a near 
shore, shallow marine, possibly shoreline environment (grey conglomerates and sandstones) and 
culminating in a deep marine basin (white marls) (Rondeel, 1965; Volk, 1967; Alvado, 1986; 
Martin-Penela & Barragan, 1995). The sequence is significant as it represents the first real evidence 
for the presence of subaerial landmasses bordering the northern and southern areas of the Vera Basin 
in the Miocene. The landmasses probably represent early, ancestral forms of the Sierra Almagra and 
Sierra Cabrera-Alhamilla ranges. 
L8.3 Late Miocene (Messinian) 
The Messinian within the Vera Basin is marked by a second major marine transgression, during 
which sediments of the Turre Formation were deposited. The initial transgression is recorded within 
the south of the Vera Basin (Figure 1.4) and demonstrates a direct linkage between the Sorbas and 
Vera Basins. Sediments comprise channelised marine conglomerates and bioclastic sandstones of the 
Azagador Member which were deposited as part of a temperate water shallow marine fan system 
(Wood, 1996). The Azagador sequences suggest that the Sierra de los Filabres and Sierra Cabrera-
Alhamilla ranges were present as significant topographic reliefs defining the western and southern 
margins o f the Vera Basin. There is no evidence for any topography along the northern and eastern 
margins of the basin. 
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Marine marls and turbiditic sandstones of the Abad Member mark the climax of the Messinian 
transgression within the Vera Basin. Evidence from foraminifera and ostracode faunas suggests that 
the maximum water depth during deposition of the Abad Member to be in the region o f I00-300m 
deep (Troelstra et al., 1980; Carbonnel, 1990). The marls can be traced wes^va^ds into the adjacent 
Sorbas Basin (Rondeel, 1965; Volk, 1967a; Ott d'Estevou, 1980) and northeastwards into the Pulpi 
Corridor (Volk, 1967a; Veeken, 1983) suggesting that linkages with Sorbas and Pulpi were 
maintained during the Messinian. 
Following the maximum Messinian transgression fringing reefs of the Cantera Member developed 
along the western basin margins. The reefs are mainly constructed o f Pontes and occur in a series of 
different levels stepping out from the basin margins into the basin centre. Contemporaneous with reef 
construction marls and sandy turbidites of the Santiago Member were deposited within more central, 
basina! areas. The down-stepping reefs are probably concurrent with a lowering of sea level in the 
Mediterranean during the evaporitic Messinian salinity crisis (Alvado, 1986; Ott d'Estevou et o/., 
1991; Rouchy & Saint Martin, 1992). 
The occurrence of an evaporitic episode within the Mediterranean region is a contentious one (Hsu et 
al., 1977) and evidence for such an event within the Vera Basin is not clear. The adjacent Sorbas-
Tabemas and Nijar-Carboneras Basins both have sequences of gypsum represented by the Yesares 
Member (Dronkert, 1985; Van de Poel, 1991) which provide direct evidence for a Mediterranean 
wide, late Messinian evaporitic event. Absence of gypsum firom the Vera Basin either implies that an 
evaporitic event did not take place or that deposition did occur but was then erosionally removed. 
The latter argument for erosional removal of evaporitic sequences is generally favoured (see Fortuin 
et al., 1995). Large scale erosional episodes have been recognised within the Mediterranean region 
as a result of a rapidly falling sea level (Cita & Ryan, 1978). The localised occurrence of large scale 
olistostrome deposits in the Gamicha and south of Antas areas o f the Vera Basin (Volk 1967a; 
1974; Clauzon, 1980; Alvado, 1986; Ott d'Estevou et al., 1991) which contain blocks of Cantera 
Member fringing reef limestone and boulders of nodular gypsum appear to correlate with the 
regional late Messinian erosional episodes (Fortuin et ai, 1995). 
1.8.4 Late Miocene Volcanic Activity 
Marls of the Turre Formation were affected by volcanic activity during the late Miocene (Fiister & 
Pedro, 1953; Fuster, 1956, Fuster et al., 1967 Volk, 1967a; Nobel et al., 1981). In the northeast of 
the Vera Basin (Figure 1.4), calc-alk volcanics of rhyolite and dacite cut through marls o f the Abad 
Member and form part of a continuous chain of volcanics which can be traced from Cabo de Gata in 
the south up to Cartegena in the north (Fuster et al., 1967, Volk, 1967a; Alvado, 1986). Rhyolites 
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and dacites are typical of extrusive lava flows and in this case their NNE-SSW outcrop trend in the 
region of the Palomares fault zone suggests that lava flows may have originated from fault 
movement. In central and western basin areas (Figure 1.4) lamproitic volcanics or 'Verites" (Foster 
& Pedro, 1953) have been intruded into marls of the Abad Member. Lamproites arc intrusive sub-
volcanic rocks and in this case have a brecciated appearance with clasts supported with marls 
suggesting that the volcanics were rapidly injected into water rich sediment (P. Suddaby, 
pers.comm., 1994). Injection appears to have occurred at depth, probably associated with fault 
activity along the Palomares fault zone and basin margin faulting. 
Both t>pes of volcanics have been radiometrically dated by Nobel et aL (1981) and stratigraphically 
dated by Volk (1967a). The rhyolite/dacite lavas produced an early Messinian age of 7.6 ± 0.2 Ma 
(Nobel et al., 1981) whilst the verites intruded or sub-volcanic rocks indicate a continuous formation 
over a period of several million years from 8.6 ±0.3 Ma corresponding to Tortonian through to late 
Messinian age (Nobel et al., 1981). 
The regional significance of Late Miocene volcanism is a contentious issue (see Weijcrmars, 1991 
for discussion) however, the volcanics in the Vera Basin do appear to occur along the Palomares 
fault zone and therefore probably support the views of Henandez et al. (1987) who suggest 
volcanism is directly associated with strike-slip movement along the Trans-Alboran shear zone 
during the Miocene. 
1.8.5 Mio-Pliocene Boundary 
It is generally agreed that the Vera Basin underwent a lowering of sea level during the late Miocene 
which culminated in a widespread erosional episode. However, as to whether the Vera Basin 
remained marine during the late Miocene and through into the Pliocene is contentious. A section to 
die southeast of Cuevas del Almanzora (GR.033268) exposed along the banks of the Rio 
Almanzora, is purported to display a complete biostratigraphic succession and therefore continuous 
marine sedimentation from the upper Tortonian, through to the end Miocene and passage into the 
Pliocene (Montenat et aL, 1976). Subsequent biostratigraphic studies of the Cuevas del Almanzora 
section by Cita et aL (1980), Clauzon (1980), Geeriings et aL (1980), argue against marine 
continuity over the Miocene/Pliocene boundary. Cita et aL (1980) state that brackish, shallow water 
sediments are found between eariy Pliocene open-marine marls above and late Tortonian and early 
Messinian turbidites below. They attribute this horizon to a Lago Mare type facies. The occurrence 
o^Chara Sp,, a non-marine, freshwater aquatic plant, as reported by Geeriings et aL (1980) concurs 
with the existence of a Lago Mare type facies. This would agree widi a late Messinian sea-level fall 
and implies that some parts of the Vera basin did not undergo erosion but instead became brackish 
18 
Chapter 1: Introduction 
and then lacustrine as a response to the lowering of sea-level before the return of open marine 
conditions at the beginning of the Pliocene. 
Widespread erosion of Messinian sediments during the falling sea-level resulted in the production of 
a pronounced within basin topography. Although much of the resultant late Messinian topography 
may have been infilled by the ensuing Pliocene marine transgression, geochemical analyses of 
Miocene marine sediments by Sanchez-Bellon et ai. (1994) within the Vera Basin have demonstrated 
the existence of two different sedimentary regimes in the north and south of the Vera basin. The hill 
of Garrapancho (GR.974188) in the centre of the Vera Basin separates the two different sedimentary 
regimes, acting as a palaeogeographical high during the Miocene. The northern part of the basin is 
characterised by a more enclosed sedimentary environment, whilst the southern part of the basin 
displays a more open marine sedimentary environment (Sanchez-Bellon et al., 1994). 
1.8.6 The Pliocene Marine Succession 
The third and final marine transgression is recorded within early Pliocene marine sediments of the 
Cuevas Formation (Figure 1.6). The initial transgression was marked by the deposition of shallow 
marine shelf sands and muds in central, northern and western areas of the Vera Basin (Figure 1.4) 
infilling the pronounced erosional topography produced during the Messinian evaporitic episode. 
Similar transgressive early Pliocene shelf sediments can be traced towards the northeast (Veeken, 
1983) suggesting a marine connectivity with the Pulpi Corridor. Along the northern and western 
basin margins, high energy, wave dominated shorelines developed. 
Sedimentary basins adjacent to Vera (Tabemas, Sorbas, Huercal-Ovcra) appear to have become 
progressively isolated during the Miocene and Pliocene. Towards the west, the Sorbas Basin became 
continental during the late Miocene / Early Pliocene and the Pliocene marine transgression was only 
recorded by a series of thin, but laterally persistent brackish-marine marker beds (Mather, 1991). 
Following the early Pliocene transgression, the Vera Basin underwent a significant re-organisation in 
palaeogeography during the mid-late Pliocene. Fan-delta sediments of the Espiritu Santo Formation 
were deposited in central and northern areas of the Vera Basin. The sediments suggest that 
significant landmasses were present along the eastern and northern basin margins supplying sediment 
to the fan-delta bodies which developed into a partially enclosed area. 
The Pliocene Cuevas and Espiritu Santo Formations represent the final marine phases of the Vera 
Basin prior to the onset of the continental conditions in the Plio-Pleistocene. These sediments are 
considered in more detail in Chapter 3 where they provide a palaeogeographic context for the 
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development of the consequent primary drainage systems of the Salmeron Formation (discussed in 
detail within Chapter 5) 
L8.7 The Plio-Pleistocene Continental Succession 
The onset of continental conditions within the Vera Basin is recorded within Plio-Pleistocene 
sediments of the Salmeron Formation (Figure 1.6). A Plio-Pleistocene age for the Salmeron 
Formation is based upon the relative stratigraphic position of the Salmeron Formation above the 
Pliocene Espiritu Santo Formation. In general, continental sediments are difficult to accurately date 
due to the affects of pedogenesis and lack of fossil remains. Dating is also made difficult by the 
perceived late Pliocene-early Pleistocene age being out of the range o f most dating techniques . 
The Salmeron Formation is exposed in northern, northwestern and western regions of the Vera Basin 
(Figure 1.4) and is composed of distinctly red coloured conglomerates, sandstones and siltstoncs that 
were deposited within an alluvial fan environment. 
On the basis of sedimentary styles, clast assemblages, palaeocurrents and general landform 
morphology it is possible to reconstruct three drainage systems within the Salmeron Formation (sec 
Chapter 5 for detail). The drainage systems are located in mountain front settings along the northern, 
western and northwestern basin margins and form a weakly convergent pattern towards the basin 
centre. The principal elements of the three drainage systems are outlined in Figures 1.7 and 1.8, and 
for the purpose of this study the following terminology for sub-division of the drainage systems are 
proposed: 
1. Cuevas System - Northern Margin 
2. Salmeron System - Northwestern Margin 
3. Jauro System - Western Margin 
The following sections provide only a brief introduction to the type localities o f the three drainage 
systems used by this study. Chapter 5 examines in detail each individual drainage system and traces 
their main sedimentological characteristics, deposilional styles and evolutionary trends. 
20 
Drainage 
S y s t e m 
Type Locality 
Pa laeocur ren t 
Direct ion 
P r o v e n a n c e 
Quartz 
• 
NovBdo• nrabrido 
Complex 
S o u r c e 
A r e a 
S y s t e m 
T h i c k n e s s 
Al iuvia l 
Arch i tec ture 
CUEVAS 
Rambia del Toyo 
GR.972283 
Sierra 
Almagra 80 m 
Vector a 173" 
SALMERON 
Homo de Yeso 
GR.948270 
Sierra 
Lisbona 
Sierra 
Almagra 
40m 
Vectors 11 
Alluvial Fan 
Bajada / Rare 
Fluvial Channels 
JAURO 
Jauro Village 
GR.923238 
NaSTS 
Vector = 92'* 
Sierra de 
Bedar 
Sierra 
Lisbona 
60m 
Alluvial Fan 
Figure 1.7 - Principal drainage components of the Salmer6n Formation. 
Chapter 1: Introduction 
G U E V A S 
I 
CuGvas del 
AInnanzora 
S A L M E R O N 
S Y S f E M 
J A U R O 
Antes 
appmximau dminagr lyjum 
ti (tte Oinpitr Sfordtudl} 
River 
Settlement 
Road 
, — , Neogene & 
Quaternary Basin 
' — ' RII Sediments 
Alpujarride Complex 
H Meta-Carbonates 
Mica-Schists. Amphibolites, Phyllites 
Nevado-Rlabrlde Complex 
E5| cSbonates H AmphlboGtes. Mlca-Schlsls. Phyintes 
^ Mica-Schists ^ Tourmaline Gneiss, Mica-Schists 
Figure 1.8 - Relationship between the individual components of the Salmeron 
Formation drainage systems and their basement source areas. Basement lithologies 
and boundaries based upon Bicker (1966). 
22 
Chapter 1: Introduction 
i) The Cuevas System 
The Cuevas System is located on the northern margin of the Vera Basin where it forms the thickest 
of the three drainage systems with sedimentary successions reaching up to 80m in thickness (Figure 
1.7 & 1.8). Clast assemblages are dominated by locally derived lithologies from the Ballabona and 
Almagro units of the Alpujarride Complex which outcrop in the Sierra Almagra. Palaeocurrents 
indicate a dominant southerly transportation direction towards the centre of the Vera Basin. 
The type locality is exposed in Rambla del Toyo (GR.972283), located approximately 1.5km to the 
west o f Cuevas del Almanzora, the town after which the t>'pe localit>' is named. At Rambla del Toyo, 
interbedded red coloured conglomerates, siltstoncs and sandstones overlie yellow coloured shoreline 
sediments of the Vera Member (Espiritu Santo Formation). Within lower parts of the section, the 
Vera Member shoreline sediments grade conformably up into the Salmeron Formation. 
Conglomerates are interbedded with grey silts, possibly of a lacustrine origin, prior to becoming 
dominated by red continental sediments within mid and upper parts of the section. 
ii) The Salmer6n System 
The Salmeron System is located in the northwestern region of the Vera Basin where it forms 
sequences up to 40m in thickness (Figures 1.7 & 1.8). The sedimentary units are diverse in t>pe, 
being dominated by massive, red coloured, pedogenically altered siltstones and sandstones, 
interbedded with rare sheet and channel fill conglomerates. Clast assemblages for the Salmeron 
System are composed of lithologies derived from both the Nevado-Filabride and Alpujarride 
complexes, outcropping in the Sierra de los Filabrcs and Sierra Almagra respectively. 
Palaeocurrents indicate a dominant transport direction towards the southeast into the centre of the 
basin. 
The type locality for the Salmeron System is located at Homo de Yeso (GR.948270), outcropping in 
a road cutting on the road to Lubrin. Basal parts of the section at the western end, display a series of 
interbedded sheet conglomerates and red coloured, pedogenically altered silts. These sedimentary 
units are overlain by a complex series of sheet and channel fill conglomerates that represent the 
lateral migration of a single, large braided river channel, probably ephemeral in nature. The upper 
parts of the section, displayed towards the eastern end, culminates in a red soil and thin laterally 
persistent calcrete. 
The interbedded sheet conglomerates and pedogenically altered siltstones represent distal alluvial fan 
deposition. Mi.xed clast assemblages from the Alpujarride and Nevado-Filabride Complexes suggest 
that the Salmeron System was receiving sediment from both the Sierra Almagra and Sierra de los 
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Filabres. This, combined with the distal alluvial fan setting reflects an area of fan coalescence 
between the Cuevas and Jauro Systems which produced a topographic low into which a minor 
channel system developed. 
iii) The Jauro System 
The Jauro System is located on the western margin of the Vera Basin where it forms sequences up to 
60m in thickness, characterised by red and grey coloured interbedded conglomerates, sandstones and 
siltstones. Clast assemblages for the Jauro System are dominated by lithologies of the Nevado-
Filabride Complex. The assemblages reflect two different source areas characterised by medium to 
high grade metamorphics of the Nevado-Lubrin Unit and meta-carbonates of the Higher Nevado-
Filabride Unit. Palaeocurrents indicate an overall eastcriy direction of transportation towards the 
basin centre. 
The t>'pe locality for the Jauro System is located to the northwest of Jauro village (OR.923238) 
exposed in a cut of the modem Rio Jauro. The lower parts of the sequence are dominated by poorly 
sorted laterally persistent conglomerates that commonly contain large over sized clasts up to 3m in 
diameter which correspond to debris flow and sheetflood deposits. The mid and upper parts of the 
section shows a transition into intercalated, better sorted imbricated gravels and red siltstones (5YR 
5/6) with localised channelisation. Uppermost parts o f the section form part of a large flat 
geomorphic surface that grades down towards the east into the centre of the basin. The surface is 
characterised by a thick calcrete (Stage IV+, Gile et ai, 1966) and red soil complex (5YR 6/8) 
locally up to 2m in thickness. 
The domination of pedogenically altered sheetflood and debris flow deposits in the lower-mid parts 
of the section, which display an overall radial palaeocurrent distribution to the east suggests an 
alluvial fan environment of deposition. The change to imbricated sheet gravel conglomerates and the 
culmination in a thick calcrete in the topmost part of the section implies a change to more fluvial 
environment which may reflect the establishment of the ancestral Rio Antas. 
1.8.9 The Pleistocene Terrace Sequence 
Remnants of the Pleistocene fluvial system are represented by a series of fluvial terraces and 
pedimented landforms that are typically unconformable on the underlying Neogene basin fill. The 
first phases of terrace and pediment development occurred towards the end of the Salmeron 
Formation deposition. Along the northern and westem margins of the Vera Basin the terrace 
sequences are directly inherited from the positioning of the former Salmeron Fonmation drainage 
systems. These oldest terrace sequences mark the final phases of sediment filling of the Vera Basin. 
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Post-dating these sequences, the fluvial terraces and pedimented landforms reflect the overall 
dissection of the Vera Basin. 
Three main areas of terrace development are identified within the Vera Basin which correspond to 
the approximate positioning of the modem day drainage networks and their tributaries: 
i) Northern Region: Rio Almanzora 
ii) Western Region: Rio Antas 
iii) Southern Region: Rio Aguas 
TTie northern region, which reflects the remnants and former positioning of the Rio Almanzora, 
displays the best preserved sequence of river terraces and pediments. Four principal levels are 
identified (A to D in ascending stratigraphic order). These terrace sequences (Chapter 6) show a 
sequential development that relates to the progressive dissection of the Vera Basin. 
1.8.10 The Pleistocene Marine sequences 
The Pleistocene marine sequences (Chapter 7) are represented by a complex series o f raised beach 
levels located in the region of the modem day shoreline along the eastern margin of the Vera Basin. 
The raised beaches are typically composed of well cemented, rounded pebble conglomerates which 
contain a limited fauna of Glycimehs bivalves and Strombus bubonius gastropods. Up to eight 
different beach levels up to +80m above sea level (a.s.l.) are identified The highest beach levels are 
thought to correspond to the mid Pleistocene period (Goy & Zazo, 1982) and are located near to the 
town of Mojacar, adjacent to the Sierra Cabrera. Younger beach sequences south of Mojacar show a 
series of superimposed beaches that are overiain by a Wiirm acolionite, slope colluvium and a red 
soil (Harvey 1987). 
The raised beach sequences represent the distal portion of the fluvial systems within the Vera Basin. 
Pleistocene fluvial terrace levels are seen to grade down towards the ancestral Pleistocene coastlines. 
The interaction between the raised beach levels and the fluvial terrace levels could provide 
information on the evolution of the distal parts of the fluvial system. Initial development of the 
shorelines was clearly sea level controlled relating to the fluctuating Mediterranean Sea-levels during 
die Quaternary glacial periods. The sequence of beach development has then subsequently been 
modified by movement along the Palomares fault zone, uplift of the Sierra Cabrera mountain range 
and coastal dynamics of erosion and deposition. 
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1.9 P L I O - P L E I S T O C E N E S T R A T I G R A P H Y A N D P R E V I O U S R E S E A R C H 
1.9.1 Introduction 
The first section considers the stratigraphic classification o f the sediments and proposes a 
modification to the initial Pliocene stratigraphy as proposed by Volk and Rondeel (1964). The 
following sections review the previous work undertaken on the Plio-Pleistocene sedimentar>' 
succession and their relevance to this study. 
1.9.2 Stratigraphic Classification 
Volk and Rondeel (1964) originally defined three stratigraphic formations of Pliocene age. The 
second of these, the mid to late Pliocene Espiritu Santo Formation represents an important 
transitional stage fi-om marine to continental conditions within the Vera Basin. The main sedimentary' 
characteristics of this formation are presented within Chapter 3. Detailed facies analysis and 
mapping of these deposits have identified a diverse range of sediments that are spatially and 
lithologically distinct. For case of description and analysis within Chapter 3 the Espiritu Santo 
Formation is sub-divided into two stratigraphic sub-units, the Vera Member and the Almanzora 
Member (Table 1.3 & Figure 1.9). The stratigraphic sub-division has been made following the 
procedures of the North American Commission on Stratigraphic Nomenclature (1983). 
i) Espiritu Santo Formation Type Locality 
When the stratigraphy for the Vera Basin was established by Volk & Rondeel (1964) and Volk 
(1967a) a specific t>pe section for the Espiritu Santo Formation was never identified. The 
stratigraphic name of'Bspiritu Santo" is assumed to have been derived from Cerro Espiritu Santo 
(GR.001227) (also known as El Hacho), a scries of hills to the west of Vera town used in studies by 
Volk (1966, 1967a) and Postma & Roep (1985) (Figure 1.8B). At this locality, up to 80m of cross-
bedded fluvio-marine fan-delta conglomerates form an erosive unconformity over siltstones and 
sandstones of the Cuevas Formation. No upper stratigraphic contact can be identified. 
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Volk & Rondeel 
(1964) This study 
Salmeron Fm -
Espiritu Santo 
Fm 
Almanzora 
Vera Mbr 
Cuevas Fm -
Table 1.3 - Straligraphic revision of the Espiritu 
Santo Formation proposed within this study. 
Type localities 
1. Espiritu Santo Fm GR.001227 
2. Vera Member GR.978262 
3. Almanzora Member GR.984277 
Figure 1.9 - Location of the type localities used for the Espiritu 
Santo Formation and associated stratigraphic Members within 
this study. 
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ii) Vera Member Type Locality 
For the purpose of this study, the Xypt section for the Vera Member is located to the northwest of 
Vera town (GR.978262) within the Espiritu Santo quarry (Figure 1.9B). The localities at Cerro 
Espiritu Santo (EI Hacho) are not used in this case due to poor section access. The base of the 
section is defined as previously described. However, no upper bounding surface for the Vera 
Member is exposed within any localities apart from limited exposures along the northern basin 
margins where alluvial fan deposits o f the Salmeron Formation are observed to overlie cross-bedded 
fan-delta and shoreline deposits of the Vera Member. None of these sections were chosen as a type 
section because they do not display a lower bounding surface and the sections are generally poorly 
developed. 
iii) Almanzora Member Type Locality 
The t>'pe section for the Almanzora Member is located to the southwest of Cuevas del Almanzora 
town (GR.984277) (Figure 1.8B). At this locality, a well developed sequence of interbedded shallow 
marine and brackish laminated muds, silts, sands and pebble conglomerates are exposed. The lower 
bounding surface is characterised by a marked unconformity developed over siltstones of the Cucvas 
Formation, whilst the upper bounding surface is characterised by another distinct erosive 
unconformity overlain by distal alluvial fan sediments of the Salmeron Formation. 
1.9.3 Previous Work 
Prior to this study only limited research has been carried out on the Plio/Pleistocene marine and 
continental deposits of the Vera Basin. Most studies have focused upon the geological aspects of the 
older Miocene sequences as reviewed within the Miocene palacogcographic reconstructions (section 
1.4.3). 
i) Plio-Pleistocene Cuevas and Espiritu Santo Formations 
Early research by Volk (1966, 1967a) examined some sedimentary and palaeontological (macro and 
micro) aspects of the Cuevas and Espiritu Santo Formations. The research was primarily undertaken 
in order to establish a Phoccne age for these sedimentary successions. Volk (1966) also considered 
that the fan-delta sediments of the Espiritu Santo Formation were due to significant changes of basin 
palaeogeography (discussed in Chapter 3). A detailed sedimentological examination of the Espiritu 
Santo Formation fan-delta sediments by Postma and Roep (1985) invoked a unique sedimentary 
process of bottomsct modification of a Gilbert-type fan-delta for their development. 
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ii) Plio-Pleistocene Salmerdn Formation 
Plio/Pleistocene continental sediments of the Salmeron Formation have had the least amount of 
research undertaken on them. The sediments were briefly considered by Volk (1967a; 1979) and 
Wenzens (1992b). Volk (1967a, 1979) described the Salmeron Formation sediments as continental 
sediments deposited by a series of alluvial cones and as colluvial slope material around the basin 
margins. Wenzens (1992b) proposed a middle Viliafranchian age (late Pliocene) for the Salmeron 
Formation and considered in brief the effect of climate and tectonics of two sections in the Cuestan 
del Chapi region (western Sierra Almagra) and Guazamara / La Asperilla region (eastern Sierra 
Almagra). A comparison was made between the red coloured Salmeron Formation sediments and 
Pleistocene terrace levels to the well known Rafia levels from central Spain (Wenzens, 1992b). 
iii) Pleistocene Terrace Levels 
Studies of the Pleistocene terrace levels within the Vera Basin are limited to brief accounts of the 
numbers of different levels and contentious evidence for a cool arid climate. Fluvial terrace 
sequences and pedimented (glaci-terracc) surfaces in the region of the Rio Almanzora have been 
briefly examined by Volk (1979), Wenzens (1991, 1992a,b). Volk (1979) identified five terrace and 
glaci-terrace levels on the basis of height and degree of soil formation which have developed 
throughout the Pleistocene as a result of fluctuating climatic conditions, some of which he attributed 
to periglacial conditions. Wenzens (1991) continued the climatic theme, also suggesting that 
extremely cold, periglacial like conditions were responsible for some of the sedimentary features 
observed within the fluvial terrace and glaci-terrace levels. A travertine layer at the base of the oldest 
Pleistocene glaci-terracc level was dated at 1.6 Ma, using Electron Spin Resonance (ESR) by 
Wenzens (1992b). 
All of these studies provide some useftjl information on the evolution of the Vera Basin during the 
Plio-Pleistocene. However, none of the studies examine in detail the evolution o f the basin from the 
final marine phases in the Pliocene through to the establishment of continental conditions in the Plio-
Pleistocene. As previous studies have shown (e.g. Mather, 1991; Viseras, 1991; Mather & Harvey, 
1995), the evolution of a drainage network from its inauguration through to its modem network can 
yield important information about the late stage histor>' of a sedimentary basin. 
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Techniques: Strategy, 
Data Collection and Presentation 
About thirty years ago there mis much talk that geologists ought only to ohser\'e and not 
theorise; and I well remember someone saying that at this rate a man might as well go 
into a gravel-pit and count pebbles and describe colours. How odd it is that anyone 
should not see that all observation must be for or against some v/eir if it is to be of any 
ser\'ice, 
Charles Darwin (1861) 
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Chapter 2 
Techniques: 
Strategy, Data Collection and Presentation 
2.1 nVTRODUCTION 
This chapter outlines a research strategy and the main techniques employed throughout this thesis as 
standard. The research strateg>' describes in brief the philosophical approach to data collection and 
interpretation. Both the strategy and data collection techniques are based upon the geological sub-
disciplines of sedimentolog>', stratigraphy and structural geolog>'. 
2.2 R E S E A R C H S T R A T E G Y 
In order to reconstruct the Plio-Pleistocene history of the Vera Basin and to address the aims of this 
thesis (Chapter 1), a scientific methodolog>' was employed so as to describe natural phenomena in 
such a way as to promote understanding and to provide a scientific explanation. According to 
Haines-Young and Fetch (1986) a scientific explanation should be presented as a structured 
argument which arises as a logical consequence. This view is that of a rationalist who considers 
science to be an ordered, logical activity with judgements based upon reasoning. The rationalist view 
appears to be held by most scientists whose explanations are related to the world of observable 
things by theories (ideas) and the judgements which scientists make about these theories. 
As with all natural sciences, solving a geological problem should involve die generation and testing 
of hypotheses or theories. By testing theories against established laws, a model can be produced to 
explain the complex relationships that exist between geological phenomena. Reading (1986) outlined 
a scientific methodology using three stages of interpretation that can be used to explain the 
occurrence of ancient sedimentary' sequences: 
1. TTie development of initial working hypotheses. 
2. The development of a palaeogeographical or local model. 
3. The production of a realistic interpretation or actual (facies) model. 
Data collection and interpretation during the course of this research has utilised the three stages 
described by Reading (1986) employing the deductive (logical reasoning) approach of a rationalist. 
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Working hypotheses (theories) were constructed during the collection of sedimentary, stratigraphical 
and structural data from a number o f key sections. Facies analysis was used to describe and interpret 
sedimentary data (outlined in section 2.3) allowing for the key depositional processes and 
environment of deposition to be interpreted within a sedimentary succession. In turn, grouping of the 
data from key sections allowed for a localised palaeogeographic model to be formulated. Grouping 
and interpretation of these localised palaeogeographic models allowed for an overall depositional 
model to be constructed at the end of the thesis. 
2.3 F A C I E S METHODS 
2.3.1 Introduction 
This section briefly considers the concept of facies analysis and how it has been used within this 
study. Facies analysis has been used as the main technique for description and interpretation of rock 
t>T5es throughout this thesis. Precise definitions of facies and facies associations are given as a 
context for their use within this study. 
2.3.2 Facies and Facies Associations 
Although having many different definitions (see Middleton, 1973; Walker 1979), this study uses 
facies in the descriptive and interpretative sense of Reading (1986, p.4) whereby a facies is a 
distinctive rock that forms under certain conditions of sedimentation, reflecting a particular process 
or environment. Within a sedimentary rock these characteristics include lithology, composition, 
colour, geometry, sedimentary structures, biogenic structures and fossil content (macro and micro). 
The selection of these features to define a facies and the significance attached to them depends upon 
a subjective personal evaluation based upon the material to be sampled, the type of outcrop, time 
available and research objective (Reading, 1986). However, each facics should be defined 
subjectively on observable and measurable characteristics (Reading, 1986). 
Individual facies, which may relate to a specific depositional process can be combined together to 
form facies associations. A facies association or assemblage is a group of facies that occur together 
and are considered to be genetically or environmentally related (Reading, 1986; p.5). In this case the 
grouping of facies into facies associations allows a quick and easy way of displaying information of 
depositional environments on larger scale (tens of metres) sedimentary logs. 
The data presented within this thesis identifies facies and facies associations which correspond to 
marine and continental environments of deposition. Chapter 3 examines the final phases of marine 
sedimentation within the Vera Basin. For these marine deposits, individual facics have been given a 
descriptive name such as 'cross-bedded pebble conglomerate' and an interpretation has been made 
on the basis of the main characteristics by a comparison with a modem day marine environment. The 
facies have then been grouped into associations based upon their occurrence with other facies which 
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relate to a specific environment of deposition. Chapters 5 and 6 consider the continental deposits 
within this thesis. A similar approach of facies analysis has been adopted here but in this case a 
lithofacies approach has been utilised, involving the use of MialPs (I977;1978) lithofacies codes. 
For ease of reference the precise facies methodology has outlined at the beginning of the relevant 
chapter. 
2.3.3 Facies Sequences 
The description and interpretation of facics and facies associations allows for an environmental 
interpretation to be made based on identifying the processes operative. Once an environment has 
been established and classified a more detailed analysis can be undertaken by considering the nature 
of the vertical sequence and the relationships of facies or facies associations to one another. 
Walther's Law of facies (1894) indicates that facies occurring in a conformable vertical sequence 
were formed in laterally adjacent environments and that facies in vertical contact must be the product 
of geographically adjacent environments (Reading, 1986). For example, this law clearly explains that 
a prograding delta produces a coarsening upwards sequence. However, Walther*s Law can only be 
applied to successions without major breaks, as the presence of an erosion surface may indicate the 
passage and removal of a number of environments (Reading, 1986). 
The facies sequence approach has been utilised within this study to aid interpretations of groups of 
facies associations. It has proven to be particularly useful where sedimentary' logs record the 
transition from marine to continental conditions. 
2.4 S T R A T I G R A P m C M E T H O D O L O G Y 
The collection and classification of stratigraphical data is based upon the principles of stratigraphy. 
The procedure for this classification conforms with the regulations of the North American 
Commission on Stratigraphic Nomenclature (NACSN, 1983) whereby bodies of sediment are 
grouped into a series of formal units based upon their contents, properties, or physical limits. These 
formal units or 'stratigraphic' units are defined by the NACSN (1983, p.847) as "a naturally 
occurring body of rock or rock material distinguished from adjoining rock on the basis of some 
stated property or properties". 
The categories recognised by the NASCN which are pertinent to this study include lithostratigraphic, 
and chronostratigraphic units. A lithostratigraphic unit obeys the Law of Superposition and is 
defined on the basis of its lithic characteristics and stratigraphic position. Tlie lithological units are 
named in a hierarchy according to their perceived rank. In ascending order these are; Bed, Member, 
Formation, Group and Supergroup. 
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The sedimentary units o f the Vera Basin were reviewed in Chapter 1, with the initial stratigraphic 
nomenclature and sub-division based upon that of Volk and Rondeel (1964). The basis of this 
stratigraphic sub-division is upon the correlation of lithostratigraphic units. A relative 
chronostratigraphy is applied to these lithostratigraphic units, and where ages are given, they are 
based upon those derived from the global sea level curves of Vail et al., (1977) and Haq et al. (1987; 
1988). 
2.5 D A T A C O L L E C T I O N A N D P R E S E N T A T I O N 
2.5.1 Introduction 
The research methods introduced within this chapter are general techniques and approaches 
employed throughout this thesis as standard. Data were collected over three main field seasons from 
September through to January during the 1994 to 1996 period. The study utilised a range of 1:200 
000, 1:50 000 and 1:25 000 geological and topographic maps which arc summarised uithin Figure 
2.1 and were supplemented with detailed geological maps produced by Rondeel (1965), Bicker 
(1966); Volk (1967a), Volk (1979), Veeken (1982) and Alvado (1986) (Table 2.1). All grid 
references defining data collection sites or field localities use a six figure format e.g. GR.039241, 
derived from the Cartografia Militar de Espaiia 1:50 000 and 1:25 000 series. Both topographic and 
geological maps were supplemented by 1982 and 1985 1:30 000 National Geographic black and 
white aerial photographs, and 1:50 000 military aerial photographs. 
2.5.2 Field Techniques: an overview 
Data were collected primarily by graphic sedimentary logs of vertical profiles and, exposure 
permitting, larger scale section sketch diagrams which illustrate the lateral relationships within the 
sequence. Each measured section was analysed by using the sequence or fades association methods 
outlined by Reading (1986) and summarised within Section 2.3. 
2.5.3 Logging of Vertical Profiles 
Vertical successions of rocks were logged at a scale of 1cm to Im at key localities. Data were 
recorded within a field notebook in note form and as a graphic log produced at 1cm = Im scale, or 
less commonly 1cm = 0.25m. The vertical logs presented within this thesis have been re-drawn by 
the author (unless stated) using an Aldus Freehand (version 3.0) graphics package for the Apple 
Macintosh. The standard log symbols used diroughout this study are given in Figure 2.1. 
Detailed logging of sedimentary units was undertaken using a metric tape measure and Abney level. 
Thickness of sedimentary units were obtained by using a slope profiling technique after Gardiner and 
Dackombe (1983). Logging of lithological data within the vertical profile included the recording of 
composition, colour, tcxtural characteristics, sedimentary structures, fossil content, bed thickness, 
maximum clast size, percentage of conglomerate and geometry of sedimentary bodies. 
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Lithologies Cross-bedding 
\ Siltstone 
Fine Sandstone 
Medium Sandstone 
Coarse Sandstone 
? M Pebbly Sandstone 
Matrix 
Supported 
Conglomerate 
Clast 
Supported 
Conglomerate 
Limestone 
OOBI Gypsum 
Trough cross-bedding 
Parallel 
Asymptotic 
Low angle {<10') 
High angle (>10') 
Horizontal laminae/bedding 
Palaeosol features 
Soil development 
(weathering profile) 
Rootlets / rhizoliths 
Foss i l components^1 Other sedimentary / biogenic features 
Bivalves 
Gastropods 
Plant material 
Bioturbation 
Scour fills 
Disrupted laminae / bedding 
s Vertebrate remains 
Fish 
Figure 2.1 - Standard key for logged data used throughout this study. 
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Cartografi'a Militar 
de Espafia 1:50 000 
IGME - Institute 
Geologico y 
MInero de Espafia 
1:50 000 
Huercal-Overa 24 - 40 (996) Huercal-Overa 24 - 40 (996) 
Aguilas 25 - 40 (997) Aguilas 25 - 40 (997) 
Vera 24-41 (1014) Vera 24-41 (1014) 
Garrucha 25-41 (1015) Garrucha 25-41 0015) 
Sorbas 24 -42 (1031) Sorbas 24-42 (1031) 
Mojacar 25-42 (1032) Mojacar 25-42 (1032) 
Cartografia Militar 
de Espafia 1:25 000 
IGME - Instltuto 
Geologico y 
MInero de Espana 
1: 200 000 
Pulpi 49-80 Almeria - Garrucha 84-85 
Las Herrerfas 49-81 
Garrucha 49-82 
Mapping Theses Scale & Location 
Mojacar 
Turre 
49-83 
49-84 Rondeet (1965) 
1: 30 OOO-SienB 
Cabrera and southern 
Vera Basin. 
Bicker (1966) 1: 50 000 - Eastern Sierra de los RIabres & 
western Sierra Almagra 
Volk (1967) 1: 50 000 Vera Basin 
Table 2.1 - List of maps used within this study. 
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1. Composition - refers to the constituent grains which comprise a lithology. Descriptions of grain 
size are given using the Udden-Wentworth classification (after Pettijohn et al., 1972). The maximum 
grain size can give some indication of the flow power at the time of deposition. 
2. Colour - A distinction is made between primary and secondary colours. The primary colour is the 
original colour of a sediment on deposition whilst the secondary colour is that which is produced 
during weathering, usually by pedogenesis or by secondary mineral enrichment processes. Where soil 
colours are given, the standard notation fi-om a Munsell Soil Colour Chart (Hue/Colour/Chroma) is 
used, for example 5YR 4/8 - reddish brown. Soil terminology is discussed in more detail within 
Chapter 5. The terminology' however, follows that of the Soil Survey Staff (1975), whilst carbonate 
soils arc described using the classification of Gile et ai. (1966). 
3. Textural characteristics - includes the sorting of a sediment and roundness of clasts. 
Comparisons were made using a standard grain size comparison chart. 
a) sorting - this refers to the packing and size of the sediment grains with classification 
based upon Folk (1974) and Tucker (1982) expressed as a descriptive form: very well 
sorted, well sorted, moderately well sorted, moderately sorted. 
b) Roundness - this is an aspect of grain shape and is used to estimate the smoothness of the 
surface of a grain. The scale is divided into six categories based upon the angularit)' or 
roundness of a clast and utilises 'sub' or Sveir prefixes (Powers, 1953). 
4. Sedimentary structures - Sedimentary structures can usually be identified fi^om differences within 
their textural characteristics (described above). Commonly observed sedimentary structures include: 
bedding/stratification and biogenic structures. 
a) Bedding - bedding of sediments is defined as units of sedimentation greater than 1cm thick. I f 
sedimentary units are less than 1cm thick then they are referred to as laminae. It is the upper or 
lower bounding surfaces of a sedimentar>' unit that constitutes a bed. 
bj Biogenic structures - the activity o f organisms living within a sediment wi l l often produce 
sediment disturbance structures. The study and classification of such biogenic structures (ichnology) 
can provide important information about the palaeoenvironment. This study groups biogenic 
structures into ichnofacies based upon the assemblages described by Seilacher, 1967, Crimes, 1975; 
Rhodes, 1975 and Collinson & Thompson, 1989). 
5. Bed thickness, maximum clast size and percentage of conglomerate 
Bed thickness, maximum clast size and percentage of conglomerate data were collected during 
vertical profiling of coarse member, conglomerate dominated successions. Studies of ancient alluvial 
sequences dominated by conglomerates have shovsTi that these data can provide important 
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interpretative information on depositional styles (Bluck, 1967; Nemec & Steel, 1984) or can be used 
to identify coarsening or fining upwards sequences (Steel et al., 1977; Heward, 1978; Nichols, 
1987). 
a) Maximum clast size - the average of the long axis (a-axis) of the ten largest clasts within 
a bed or over an area of Im^. 
b) Bed thickness - Bed thickness can represent the frequency-magnitude of a depositional 
event with thin impersistent beds may reflect common background sedimentation, whilst 
thicker, more persistent beds may reflect rarer, large magnitude events. 
c) Percentage of conglomerate - This was calculated by dividing the proportion of 
conglomerate found within each Im of logged section and then expressing it as a percentage. 
These data were plotted against vertical logs and were used to identify coarsening-flning trends 
within the sedimentar>' successions. 
6. Geometry of sedimentary bodies 
The geometry' of sedimentar>' units are recorded using the nomenclature of Friend et al. (1979) based 
upon the width to height ratio of sediment bodies. Where width: height ratios are less than 15 the 
sediment body is classified as a Ribbon. Where width:height ratios are greater than 15 the sediment 
body is classified as Sheet. This terminology is particularly used for sediment bodies of fluvial origin 
for which the classification was originally devised. 
2.5.4 Logging of Cross-Sections 
Large scale cross-sections that illustrated both the vertical and lateral relationships o f successions 
were recorded at a series of key localities in the field area. Data were recorded in the field by means 
of field sketches and panoramic photo mosaics. Vertical and horizontal distances were recorded 
using a metric tape measure and Abney level. Cross-sections presented within this thesis have also 
been re-drawn by the author using an Aldus Freehand graphics package. 
2.5.5 Clast Provenance 
Vertical and longitudinal profiles through sedimentary successions dominated by conglomerates were 
supplemented with clast provenance data. The distinct and diverse lithological variations present 
within the basement nappe units and their well known spatial distribution described within section 
1.4.2 allows for an accurate reconstruction of the sediment source area. Clasts can be grouped in 
specific assemblages on the basis o f their lithological composition which related to a particular 
nappe unit. 
Clast counting methodology 
Various published and unpublished clast provenance studies were initially reviewed (e.g. IngersoU et 
al., 1984; Graham et al., 1986; Mather, 1991; Howard, 1993; Vincent 1994) and then carried out 
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using counting methods adapted from Mather (1991), Howard (1993) and Vincent (1994). Exposure 
permitting, a total of 100 clasts were selected randomly from a Im^ section. Clasts less than 2cm in 
long axis length were not counted due to the difficulty of identifying their stratigraphic type within 
the field. Duplication of previously counted clasts was avoided by marking clasts with chalk. The 
long axis of each counted clast was also measured. This was done to enable identification of any 
particular size sorting trends within the clast assemblages. 
All data were recorded on a specially devised clast counting field sheet and were then transferred 
onto a Microsoft Excel spreadsheet. Clast assemblages were plotted as percentage Pie Charts and 
are presented in a tabulated form or are incorporated into the graphic logs reproduced on Aldus 
Freehand. 
2.5.6 Palaeocurrent Analysis 
Palaeocurrent analysis was undertaken to establish transport directions of sediment within particular 
successions. Data were recorded primarily from imbricated clasts within conglomeratic units during 
the logging of vertical and cross-sectional profiles. Clasts exceeding 4cm in size were measured 
along the orientation of their 'a' axis using a Suunto compass clinometer, with clast axial 
nomenclature based upon that of Collinson and Thompson (1989). Clasts larger than 4cm in size 
provide an accurate picture of channel direction during higher stages of flow, when the whole of the 
channel is exploited by water / sediment flow (Bluck, 1974). Where beds were tectonically tilted, 
values were corrected using the method outlined in appendix A of Collinson and Thompson (1989). 
Where possible a total of 25 clasts were measured for each count undertaken so as to provide an 
overall more statistically viable palaeocurrent direction. Results were plotted on compass rose 
diagrams as unidirectional data in 10° class intervals using the Rockware "Rose" programmes for the 
Apple Macintosh and PC formats. Vector mean calculations were carried out using Rose (version 
3.0) for the PC. Rose diagrams arc presented in a tabulated form or arc incorporated into the graphic 
logs drawn using Aldus Freehand. 
2.5.7 Structural Data 
Structural data includes measurements recorded from field observations of large and small-scale 
geological structures (tilted, folded, jointed and faulted strata). Tilting, folding , joint and fault plane 
orientation data were measured by both strike-dip and dip-dip direction methods outlined in McClay 
(1987). The dip and dip direction method is preferred as it is less ambiguous than the strike-dip 
methods (McClay, 1987). Where present, orientation data were recorded from fault slickensides as 
these provide the most accurate indicator of direction of movement. However, slickensides are rarely 
preserved due to poor consolidation or lithological variations. The majority of fault plane data is 
therefore solely derived from the measurement of three and ^vo dimensional exposures of fault 
planes. Faults were classified after Anderson's dynamic classification of faulting (1951) which 
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relates to the stress systems responsible for the faulting , and using a simple descriptive scheme 
based upon the geometry and separation across a fault plane (McClay, 1987). 
Data were also recorded from the presence of inferred structural lineaments which are not obvious 
from field observations but are clearly exposed on aerial photograph and remotely sensed satellite 
imagery. 
Structural data were grouped and plotted on Schmidt (equal area) stereographic projections as planes 
to poles using a Stereo Rockware programme (version 3.0) on a PC. 
2.6 L A B O R A T O R Y M E T H O D O L O G Y 
2.6.1 Petrographic analysis 
Thin sections were cut by the Department of Geology, Univcrsit>' of Plymouth and Camborne School 
of Mines (University of Exeter). Many samples were poorly cemented and therefore thin sections 
were made using a slow impregnation technique. Analysis was undertaken on a Zeiss Standard 25 
petrographic microscope. 
2.6.2 Micropalaeontological analysis 
Sandstone samples of purported marine origin were examined for foraminfera using an Olympus 
SZ40 binocular microscope. Samples were prepared by wet sieving poorly consolidated sediment at 
125 and 60^m in order to remove the fine sand and smaller mineral constituents. An average of 200 
foraminifera were picked from small samples of sediment measuring only a few grams in weight. 
Foraminifera were mounted on a counting slide for identification and the volume of sediment was 
calculated using a water displacement method to provide an idea o f the number o f foraminifera per 
volume weight. 
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The Final Marine Sedimentation 
3.1 I N T R O D U C T I O N 
This chapter traces the transition from marine to continental sedimentation vvithin the Vera Basin. 
These final marine phases are examined in order to provide the palaeogeographic setting onto which 
the continental drainage systems were established as the marine conditions were withdrawn from the 
basin. Sedimentary successions are considered in ascending stratigraphic order from the Cuevas 
Formation through to the Espiritu Santo Formation. 
The marine and fluvio-marinc depositional environments of the Cuevas and Espiritu Santo 
Formations have been estabhshed using sedimentary and palaeontological evidence and will be 
examined at a series of key localities which illustrate the characteristics and variations within the 
considered stratigraphic unit. Marine environments are typically divided up into shelf and shoreline 
areas and the terminology used to describe these areas and their main facies characteristics are 
summarised within Figure 3.1. 
3.2 T H E P L I O C E N E SEA: The Cuevas Format ion 
3.2.1 Introduction 
The Cuevas Formation of Volk and Rondeel (1964) represents a lower to mid Pliocene transgressive 
marine sequence within the Vera Basin. It marks the third and final marine transgression that is 
identified within many of the Neogene sedimentary basins in this region and corresponds to a relative 
rise in regional sea level following the Messinian salinity crisis within the Mediterranean. 
Stratigraphically, sedimentary units which comprise the Cuevas Formation are erosionally 
unconformable over Messinian age marine sediments of the Turre Formation. Basal contacts of the 
Cuevas Formation are generally poorly exposed. However, outcrops on the western basin margins 
show the Cuevas Formation unconformably overlying pelagic marls of the Abad Member and 
terminal carbonate reef complexes of the Cantera Member (Turre Formation) or lying directly onto 
metamorphic basement of the Sierra de los Filabres. Whilst along die northern basin margins, the 
40 
Chapter 3: The Final Marine Sedimentation 
COASTAL 
PLAIN 
rJEARSHORE 
ZONE 
MNER SHELF 
ZONE 
OUTER SHELF 
ZONE 
COWT. 
SLOPE 
5-: Om 50-2 Mm 100- K)Om 
B: RitrtZwwi 
Rr»>«lr»f 7mti 
ShotfmQ Wava Zone 
OscaiatovWavBZonfl 
Offshore-transition Offshore 
Aeolian 
Backshore/ 
Foreshore 
Shoreface 
Mean taliweiTher wive btsa Eptwnanl fi«lds dnmnw 
Mean storm wive base 
ParaBeltamlnatton 
and M-b single tell 
eix] utymairlc^ 
destroyed durtng Monmtnd 
tatiee uch as lainlnaled and 
bkAiftaM tadei*. BlMutMlion 
tiwtableMdocnasM 
SKMTTt domkuled decioaition. ttonn 
genantod sand beds oJ twnlrulKl 
andbttbirtwtedt ' 
Figure 3.1 - A) Terminology used for marine depositional environments throughout this 
study (from Johnson & Baldwin. 1986). B) Detail of nearshore marine terminology and 
fades distributions (modified from Elliot, 1986). 
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Figure 3.2 - Schematic north-south cross-section through the northem margin of the 
Vera Basin, taken from the west of Cuevas del Almanzora town showing the 
stratigraphic relationships between the Basinal an6 /Warg/na/Facies Associations and 
their onlapping arrangement onto the basin margins (not drawn to scale). The 
Salmer6n and Espiritu Santo Formation sediments have been omitted. 
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Cuevas Formation is unconformable on pelagic marls of the Abad Member (Turre Formation), or 
mctamorphic basement of the Sierra Almagra. 
Biostratigraphy has been used to classify the Cuevas Formation. Studies by Volk (1967a) and Ott 
d'Estevou et al. (1990) identified the occurrence of a series of key planktonic foraminifera: 
Globorotalia margaritae, Globorotalia pimcticulata, Globorotalia crassaformis and Globorotalia 
irjjlata all of which suggest a lower to mid Pliocene age. Also of stratigraphic significance within the 
Cuevas Formation is the occurrence of the bivalve Amussiiim cristatum. This species does not occur 
vN^thin older Miocene sediments but first appears during the Pliocene (Volk, 1966; 1967a, Ott 
d'Estevou era/., 1990). 
Facics analysis of the Cuevas Formation shows the presence of two facies associations. Sediments 
exposed within the central parts of the basin are generally characterised by massive, grey coloured 
siltstones and fine sandstones rich in microfossils but with a limited macrofauna. These sediments 
arc termed the Basinal Facies. Tracing these units lalerally towards the basin margins, sediments 
grade into large bedded units (up to I Cm thick) composed of yellow, fossiliferous medium-coarse 
sandstones. These sediments are termed the Marginal Facies. A schematic representation of the 
stratigraphic relationships bcUveen the Basinal and Marginal Facies associations are shown in Figure 
3.2. 
By describing the main sedimentological characteristics of the Basinal and Marginal Facies, and 
combining this data with their spatial distribution, a tentative palaeocnvironmcntal and 
palaeogeographic reconstruction can be made for the Vera Basin during early and mid Pliocene 
times. 
3.2.2 The Basinal Facies 
The Basinal Facies are best exposed at localities within the central and northern parts of the Vera 
Basin (Figure 3.3) where sediments are exposed in large, 20m to 50m high sections, erosively 
overiain by sediments of the Espiritu Santo Formation. According to Volk (1967a) the total thickness 
of the Cuevas Formation in these central parts of the Vera Basin can reach 200m. 
The principal exposures of the Basinal Facies are located within the Lomo los Zorzos, Zutija, El 
Alto and Cuestan del Chapi regions to the north of Vera and west of Cuevas del Almanzora towns 
(Figure 3.3). 
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1. Lomo los Zorzos 
2. Zutija 
3. El Alto 
4. Cuestan det Chapi. 
Metalled 
Road 
Figure 3.3 - Principal localities of the Cuevas Formation Basinal Fades 
association referred to within the text. Maps based upon IGME 1:200 000 
geological map and Vera, 1:50 000 topographic map. 
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i) Sedimentology 
Characterised by homogenous grey coloured siltstones and fine sandstones, the palaeoenvironment of 
the Basinal Facies association is derived fi"om the evidence of sedimentary structures, biogenic 
structures and palaeontological remains. 
Sedimentary Structures 
a) Planar cross-bedding 
Although generally massive, siltstones and fine sandstones within the lower parts of sections at 
Lomo los Zorzos display small pockets of planar cross-bedded sandstones and gravels (Figure 3.4B). 
Cross-beds are typically low angle (<5^ and form cosets, with individual sets up to 10cm high. Sets 
appear to truncate each other with tangential and asymptotic contacts, and sometimes are 
characterised by a gravel lag which clearly defines the truncation surface. Although not observable 
from Figure 3.58, rare laminations with a convoluted appearance occur within some of the cross-
beds. 
The cross-beds may be the result of effects fi'om storm generated events and are similar to the 
"herringbone" type cross-bedding described by Roep et al. (1979) in wave dominated Messinian 
shoreline sequences fi'om the adjacent Sorbas Basin. The massive siltstones form the dominant 
fairweather, background sedimentation whilst the cross-beds relate to storm generated sediments. 
b) Scoured shell pockets 
Small concentrations of oyster shells occur throughout the massive siltstones and fine sandstones of 
the Basinal Facies association. The oyster shells are generally disarticulated and are orientated in a 
horizontal to sub-horizontal position, supported within the siltstones or fine sandstones (Figure 
3.4D). Shells are generally well preserved but this may reflect the robustness typical of oyster 
shells. The occurrence of the oysters into a lensed feature may imply that transportation of the shells 
took place in a small channel possibly during a storm event. 
Biogenic structures 
The siltstones and fine sandstones of the Basinal facies association commonly demonstrate evidence 
for bioturbation (Figure 3.4A). Morphologically, these biogenic structures have a typical vertical to 
sub-horizontal orientation with a maximum length of 60cm and 3cm \\adth (average 20cm and 1.5cm 
respectively) The larger structures (>20cm length) sometimes have a *U' shaped spreiten fill 
(concave upwards laminae), whilst smaller structures (< 20cm length) tend to have been replaced by 
iron or siderite, forming easily weathered out almost nail like structures. Poorly developed biogenic 
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Figure 3.4 - Sedimentary and palaeontoloqical 
features of the Cuevas Formation Basinal Facies 
Association. 
A: Vertical and sut)-horizontal bioturbation structures 
(arrowed) from the upper sequences at Lomo los 
Zorzos. Coin - 1cm. 
B: Rare exposure of low angle planar 
cross-laminated sands of storm origin exposed within 
the lower sequences at Lomo los Zorzos. Pencil 
length = 14cm. 
C: Exceptionally well preserved iron replaced pine 
cone from grey siKstones within the Cuestan del 
Chapi region. Lens cap width = 5.2cm. 
D: Concentration of reworlced oyster shells infilling a 
small ill-defined scour surface (arrowed) within 
siltstones from the lower sequerKes at lomo los 
Zorzos Lomo los Zorzos. Pencil length = 14cm. 
E: Articulated rib cage from a small dolphin 
(Cetecea) within the Zutija region. Hammer length = 
35cm. 
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Structures are also represented by an iron enriched mottling. Exposures at Lomo los Zorzos 
(GR.999257) are dominated by iron replaced biogenic structures within the lower and mid parts of 
the section, whilst upper parts of the section are dominated by biogenic structures infilled with 
sediment displaying spreiten structures. 
These biogenic structures are features of bioturbation probably representing simple dwelling 
structures characteristically formed by infaunal suspension feeders (Bromley, 1990). Their 
simplicity and occurrence within fine grained sediment corresponds to a Skolithos ichnofacies 
association commonly found within shallow marine shelf environments (Seilacher, 1967; Collinson 
& Thompson; 1989; Bromley, 1990). Identification of only two types of trace fossil indicates a low 
species diversity which is typical of an outershelf zone (Seilacher, 1967). Iron replacement of many 
of these structures may relate to diagenesis or subsequent replacement by iron enriched groundwater. 
ii) Palaeontology 
Palaeontological evidence from the Basinal Facies association is based upon the occurrence of 
marine invertebrate, vertebrate, plant macrofossils and microfossils. 
1 • Marine Invertebrates 
a) Bivalves 
Bivlaves are the most common fauna present within the Basinal facies association and include: 
Amussium cristatitm^ Pectenids (various species including: Aquipecten opercidaris, Pecten of. 
bertedictus, Pecten cf. jacobaeus), Chlamys radians and Ostrea Sp. (P.Jeflferies, pers.comm., 1995). 
Generally well preserved, the bivalves commonly occur as both articulated and disarticulated forms. 
These assemblages of bivalves are indicative of a marine setting, commonly occurring within a shelf 
environment typical of external and distal internal shelf areas (Aguirre, 1996). 
b) Gastropods 
Gastropods form a rare component of the Basinal Facies association. Examples have been found in 
grey coloured siltstones to the east of Antas town in sections next to the motorway. Shells appear to 
have been either replaced or are stained with iron similar to that of the burrows which they are 
commonly associated with. Common species include; Turitella sp. and Natica sp. which are 
commonly found within external and internal, distal shelf areas (Aguirre, 1996). 
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c) Echinoderms 
Echinoids are also a rare component of the Basinal Facies association. Species include whole and 
fragmented, thin shelled Schizaster species. Schizaster is a spatangoid (an irregular echinoid) and 
lives infaunally within unconsolidated silt or mud sediment where it burrows just below the mobile 
sediment surface (Smith, 1984). These echinoids can be found in offshore shelf areas (A.Smith, pers. 
comm., 1995). 
2. Marine Vertebrates 
Mammalian bones are commonly found within the Basinal Facies association, particularly to the 
southwest of Cuevas del Almanzora where articulated and disarticulated remains of Cetacea 
(whales, dolphins) and Sirenia (dugong sea-cows) have been identified in the late nineteenth century 
by Schrodt (1890) and more recently by Sendra (1992). The number of vertebrate remains within the 
Cuevas Formation Basinal Facies association appears to be unusually high (several carcasses per 
km^ within the same stratigraphic level) when compared with modem analogues. For example it has 
been reported that only a single whale carcass has been found per 300km^ within the modem Gulf of 
California, whilst in the Vera Basin this figure is much higher (J.Sendra, pers. comm., 1996). An 
example of an articulated rib cage from the Zutija localit>' are shown in Figure 3.4E. 
3. Plant Remains 
Plant remains are common within the Basinal Facies but usually display a very poor state of 
preservation. In most cases a red mottling within the sediment represents the remains o f vegetation 
which have decomposed and undergone replacement upon burial. In rare cases, exceptionally well 
preserved pine cones which have undergone extensive oxidation upon burial are observed (Figure 
3 .4C). The general robustness of pine cones probably ensures a good preservation. 
4. Microfossils 
Both benthic and planktonic foraminifera are present (see Volk 1966; 1967a; Ott d'Estevou et al., 
1990). The dominant species of planktonic foraminifera correspond to specific biozones within the 
Pliocene. These species include: Globorotalia margaritae, G.pimcticulatis, G.crassaformis and 
G.inflata. (see Volk, 1967 for a comprehensive list). These species are commonly associated with 
coo! sub-tropical to temperate climates (Kennett & Srinivasan, 1983). 
A diverse range of Benthic foraminifera commonly occur within the Basinal Facies. Common species 
include Bolivina sp., Bidimina sp., Cassidulina laevigata and Uvigerina peregrina (Volk, 1967a). 
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The presence of these species suggest open marine conditions within a shelf environment, 
characterised by a muddy sand substrate (Murray, 1991). 
iii) Palaeoenvironment 
The sedimentological and palaeontological features of the Cuevas Formation Basinal Facies 
association are characteristic of deposition within a marine shelf environment. Dominated by 
massive siltstones and fine sandstones, sedimentation probably occurred within the inner and outer 
shelf zones. The textural uniformity of the Basinal Facics association is very similar to facies 
patterns observed within storm and wave dominated modem environments such as the southern 
Bering Sea and the Gulf of Mexico (Johnson & Baldwin, 1986). These environments show a simple 
textural grading from silts in outer shelf zones, through to fine and medium sands within irmcr shelf 
zones which result from storm and wave action in areas with a negligible tidal range. 
Evidence from sedimentary structures and palaeontological remains support a shelf setting for the 
Basinal Facies association. Biogenic structures correspond to a Skoliihos ichnofacies. Skoliihos 
ichnofacies are characteristic of suspension feeders which normally occur in shallow marine shelf 
environments where detrital food is kept in suspension by wave action, storm events or currents 
(Seilacher, 1967; 1975). The occurrence of rare, small-scale cross-bedding may correspond to the 
remnants of wave or storm generated sedimentary structures. 
The marine macro fauna is of a low diversity being dominated by bivalves and vertebrates. A 
comparison with the stratigraphically equivalent Cuevas Viejas Formation in the Almeria-Nijar 
Basin shows similar macrofaunal fossil assemblages occurring within a proposed mid to outer shelf 
environment (Addicott et al., 1978; Aguirre, 1996). The occurrence of planktonic and benthic 
foraminifera within these sediments (Volk, 1966) also reflects a shallow marine shelf setting. The 
benthic foraminifera all correspond to a marine shelf environment with a muddy sand substrate 
(Murray, 1991). Planktonic foraminifera also provide palaeoclimatic evidence where the t>pical 
assemblages of Globortalia sp. are indicative of a sub-tropical to temperate water environment 
(Kennett & Srinivasan, 1983). 
3.2.3 The Marginal Facies 
The Cuevas Formation Marginal Facies association is more diverse in terms o f its sedimentological 
and palaeontological features than the Basinal Facies association. Generally, the Marginal Facics 
association is characterised by beige to yellow coloured carbonate sandstones and pebbly 
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Figure 3.5 - Principal localities of the Cuevas Formation Marginal Facies 
association referred to within the text. 1. Northern basin margin • Cuestan del 
Chapi. 2. Westem basin margin - Las Roderas. 
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conglomerates which are exposed along the northern and westem basin margins in Las Roderas 
(westem basin margin) and Cuestan del Chapi regions (northern basin margin) (Figure 3.5). 
The main sedimentary evidence is derived from exposures along Barranco del Tomato, Rambla del 
Toyo and Rambla Cirera within the Cuestan del Chapi region. Sequences o f the Marginal Facies 
vary between 50 and 5m thick with successions normally exposed in high, narrow canyons within the 
distal regions of the ramblas. Many sections show a lateral transition between the Basinal and 
Marginal Facies as depicted schematically in Figure 3.2. 
Stratigraphically, the Marginal Facies association marks the point of maximum transgression by the 
Pliocene sea within the Vera Basin. The facies lies unconformably over metamorphic basement 
(Figure 3.6A) or conformably over finer grained sediments of the Basinal Facies. A lateral, and 
slight vertical transition between the Basinal and Marginal Facies can be observed, particularly on 
the nordiem margins of the Vera Basin. The interbedding of the Marginal and Basinal Facies 
indicates that they were deposited as adjacent sedimentary environments almost contemporaneously. 
i) Sedimentology 
Sedimentary evidence for the Marginal Facies association is presented by the description and 
interpretation of a series of key facies in ascending stratigraphic order. 
a) Siltstones and sandstones 
The siltstones and fine sandstones comprise the lowermost stratigraphic units of the Marginal Facics. 
Coloured yellow and grey, the siltstones and sandstones are massive and are usually associated with 
a high fossil content, particularly of bivalves and brachiopods. Shells occur as small, localised 
concentrations (< Im^) or as large, evenly distributed areas (> Im^). Bioturbation structures are 
common features occurring mainly as simple vertical burrows or as rare, unusual structures with 
massive structureless fills and lined with disarticulated shells of Chlamys (Figure 3.6C). Bivalves 
and brachiopods are the most common fossil remains within the siltstones and fine sandstones. 
Bivalves are common and comprise Amussittm cristatum, Chlamys sp, Pecten sp and Ostrea sp. 
whilst brachiopods are rare and include species of Terebratula ampulla, Terebratida ajf. biplicata 
(Volk, 1967a). 
The siltstones and sandstones were probably deposited as *normar, fairweather background 
sedimentation within a shallow marine shelf environment similar to that of the Basinal Facies 
association. Biogenic stmctures correspond to a Skolithos ichnofacies, indicating the presence of 
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Figure 3.6 - Sedimentary features from the 
Cuevas Formation f^arginal Facies Association 
within the Cuestan del Chapi region. A: Photo 
mosaic of an exposure through the Marginal 
facies in the norlhem pari of Rambia Cirera 
(GR.975295). The onlapping relationship between 
the metamorphic basement (a) and beds of 
coarse sand (b) can clearly be seen. The topmost 
part of the section is composed of fossiliferous 
calcarenites (c) rich in shells and moulds of 
bivalves and gastropods (see 3.5D below). The 
sands have infilled a pronounced basin 
topography. Section is 50m high. B: A 
coralline-algae patch reef composed of 
Rhodollths interbedded with calcarenites, 
exposed within the upstream region of Rambia 
Cirera. Hammer length = 35cm (boxed). C: 
Unusual bioturbation structure within fossiliferous 
grey siltstones within the Cuestan del chapi 
region. Burrow is lined with Chlamys shells and 
is closed at the top and bottom suggesting an 
oblique section. Lens cap width = 5.2 cm. D: 
Fossiliferous medium sandstone containing 
moulds of gastropods {Turitella) and oyster shells 
from the Las Roderas region. Pencil length = 
14cm. 
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simple infaunal suspension feeders (Bromley, 1990) which commonly occur within inner shelf and 
nearshore zones (Seilacher, 1967; CoUinson & Thopmson, 1989; Bromley, 1990). Macrofossil 
assemblages within the siltstones and fine sandstones also indicate an inner shelf zone or ncarshore 
area, similar to the assemblages observed by Addicott et al. (1978) and Aguirre (1996) within 
similar Pliocene sediments of the Nijar Basin. 
b) Pebbly sandstones 
The pebbly sandstones stratigraphically overlie the siltstones and sandstones in areas closer to basin 
margins, often showing a direct onlapping contact with the metamorphic basement of the Sierra 
Almagra. Poorly sorted, the sandstones contain rounded pebbles of quartz and basement derived 
material forming either massive or weakly cross-bedded units which comprise planar sets up to 10cm 
thick that truncate each other. Fossil remains are uncommon, occurring as singular, thick shelled 
oysters. 
Poor sorting, and coarse grain size suggests deposition within a high energy nearshore zone, possibly 
within a shoreface to beachface area. Pebbly sandstones commonly form in beachface areas as a 
result of shape filtering by entrapment of pebbles within sand beds (Bluck, 1967). Fossil 
assemblages dominated by oysters are typical o f higher energy inner shelf and nearshorc zones 
(Aguirre, 1996). 
c) Calcarenites 
Stratigraphically, the calcarcnite onlaps onto mctamorphic basement and occupies the most marginal 
areas of the Cuevas Formation and therefore represents the maximum extent of the Pliocene 
transgression. The calcarenites form the dominant lithology within the Marginal Facies association 
and are commonly interbedded with pebbly sandstones. Both massive and bedded calcarenite forms 
(<1 m thick) are present some of which show a weak, internal, low angle planar and trough cross-
bedding. Moderate to well sorted, the calcarenites are rich in carbonate material usually derived from 
shell fragments of bivalves and echinoderms. The calcarenite commonly contains well preserved 
fossil assemblages of both marine macrofossils and micofossils which show a high species diversity. 
Invertebrate remains include shells and moulds of bivalves, brachiopods, gastropods and echinoids, 
whilst vertebrate remains include disarticulated (rarely articulated) remains of whales, dolphins and 
sea-cows. Microfossils are dominated by benthic species. 
The marginal setting of calcarenites suggests that it represents sediments that were deposited within 
the nearshore zone. The coarse grain size indicates a relatively high energy environment, with the 
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massive and cross-bedded units probably produced by wave action within a shoreface area. 
Palaeontological evidence supports a shoreface / offshore setting for the calcarenite facies. Of 
particular significance are the occurrence of Clypeaster echinoids which are typically found within 
high energy environments where they live infaunally beneath the upper mobile zone of sediment. 
Similar calcarenite facies have been described from Messinian deposits in the southern parts of the 
Vera Basin (Rondeel, 1965) as well as the Sorbas and Agua Armarga Basins (Martin & Braga, 
1994; Martin et al, 1996). These studies suggest that calcarenites were deposited within a shallow 
marine beach foreshore and offshore area. 
d) Algal limestones 
Algal limestones are very rare within the Marginal Facics association and have only been observed 
within exposures along Rambla Cirera (GR.974284) where they are interbcdded with siltstones, fine 
sandstones and fossiliferous calcarcnitcs (Figure 3.6B). White in colour, the limestones comprise 
small nodular carbonate skeletal remains which overall form a distinct unit 3m high and 1 Im long. 
The limestone probably represents a patch reef composed of coralline-algae and is similar in both 
composition and form to coralline-algal patch reefs described within Tortonian sediments in the 
Almanzora Corridor by Braga and Martin (1988). These patch reefs occur within a variety of marine 
coastal shelf environments and their nodular form is of particular significance for water depth and 
energy, in this case indicating a shallow water depth and relatively high energy (Braga & Martin, 
1988). Within modem environments, similar coralline-algae patch reefs have been observed in the 
shallow marine shelf setting of the Gulf of Mexico (Braga & Martin, 1988). 
e) Bioclastic sandstones 
Medium to coarse bioclastic sandstones dominate the shoreline sequences within the Las Roderas 
region (Figure 3.6E), forming units up to five metres thick, or more commonly as thin units < l m 
thick, interbedded with unfossiliferous sandstones. Generally the bioclastic sandstones are moderate 
to well sorted and are characterised by a rich fossil content comprising moulds and shells of bivalves 
{Ostrea sp, Pecten sp.), gastropods (Turiteila, Valvata, Conidae, Turbo, Olividae) and echinoids 
{Clypeaster). 
Palaeontological evidence suggests that the bioclastic sandstones were deposited in a nearshore zone, 
probably within a lower shoreface area. The fossil assemblages correspond closely to the internal 
platform areas for the Nijar Basin by Aguirre (1996). The medium to coarse grain size suggests a 
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moderate energy environment, typically found in lower shoreface areas which are below the wave 
base. 
iv) Palaeoenvironment 
The sedimentological and palaeontological characteristics of the Marginal Facies association 
corresponds to deposition within an innershelf and nearshore zone in a shallow marine setting. 
Textural characteristics show an overall coarser grain size reflecting a much higher energy 
depositional environment than that of the Basinal Facies. Hie presence of large-scale planar and 
herring bone structures are typical of elements of modem wave dominated shorelines such as those 
observed within modem high energy, non-barred shorelines as described by Clifton et al. (1971) and 
within ancient wave dominated shorelines as described by Roep et al. (1979). 
Palaeontological evidence suggests a high species diversity usually associated with shallow marine 
nearshore areas. This is best exhibited by gastropods which are dominated by epifaunal species (sea 
floor living) with filter feeding and predatory modes of life indicating a diverse nutrient and food rich 
environment (P.Jefferies, pers. comm., 1995). Within the calcarenites, bivalve shells are normally 
disarticulated or broken, echinoids are commonly broken or overturned and vertebrate bones are 
nearly always disarticulated. This suggests that many fossil remains have been reworked within this 
high energ>' environment. 
3.2.4 Synthesis 
Sedimentological and palaeontological characteristics of the Basinal and Marginal Facies 
associations of the Cuevas Formation (Table 3.1) indicate that the Vera Basin was characterised by 
a shallow marine shelf environment during the early to mid-Pliocene. A schematic representation of 
the Cuevas Fomiation is depicted within Figure 3.7 based upon similar facies distributions observed 
vvithin modem shallow marine shelf settings such as the Gulf of Mexico or Bering Sea (Johnson & 
Baldwin, 1986). 
Deposition of the Basinal Facies association occurred within an outer shelf zone affected by rare, 
wave or storm generated events, whilst the Marginal Facies association was deposited within a high 
energ>', wave dominated nearshore zone. The influence of any tidal range on these shelf deposits is 
deemed negligible due to the westem Mediterranean being closed o f f to the Atlantic following the 
closure of the North Betic Strait (Guadalquivcr foreland basin) during the mid to late Miocene (Sanz 
de Galdeano & Vera, 1992). 
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CUEVAS FORMATION 
Basinal Facies Marginal Facies 
Kev Sections Cuestan del Chapi 
- Barranco del Tomale 
- Rambla del Toyo 
El Alto 
- Rambla Cirera 
Cuestan del Chapi 
- Barranco del Tomate 
- Rambla del Toyo 
El Alto 
- Rambla Cirera 
Loma del Perro 
Maximum Thickness 
(ml 
200m (V61k, 1967a) Between 5 - 50m 
Facies Massive, grey to beige coloured 
siltstones and fine sandstones 
Bedded, yellow to beige coloured 
sandstones. Rare, white coloured 
algal carbonates 
Ichnofacies Skolithos and Diplocraterion Skolithos and Diplocraterion 
Macrofossils 
(Vertebrates) 
Cetecea (whales & dolphins) 
Sirenia (sea cows) 
Crustacea (crabs) 
Disarticulated and articulated 
Cetecea (whales & dolphins) 
Sirenia (sea cows) 
Mainly Disarticulated 
Macrofossils 
(Invertebrates) 
Bivalves: Amussium cristatum, 
Pecten sp., Ostrea sp. 
Echinoids: Schizaster 
Bivalves: Pecten sp.. Ostrea sp.. 
Chlamys sp. 
Gastropods: Turitella sp.. Conus 
sp., Olividae, Turbo 
Echinoids: Clvpeaster. 
Echinolampus 
BrachioDods: Terebratulidae 
Microfossils 
(Volk. 1967a) 
Kev Planktonics: : Globorotalia 
margahtae, G.puncticulatis, 
G.crassaformis and G.injlata 
Kev Benthics: Bolivtna sp.. 
Bulimina sp., Cassidulina 
laevigata and Uvigehna 
pereghna 
DEPOSITIONAL 
ENVIRONMENT 
INNER/ OUTER SHELF NEARSHORE ZONE 
Table 3.1 - Summary characteristics of the Basinal and Marginal Facies Associations, Cuevas Formation 
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The marine transgression which followed the late Messinian sea-level fall resulted in sedimentary 
units of the Basinal Facies being deposited in the deepest parts of the basin, which today are exposed 
around the towns of Vera and Antas. The sediments of the Marginal Facies association mark the 
point of maximum transgression by the Pliocene sea within the Vera Basin and are exposed around 
the basin periphery to the west of Cuevas del Almanzora (northern basin margin) and west of Antas 
(western basin margin). 
The onlapping relationship of the Basinal and Marginal Facies associations to the basin peripher>' 
suggests that the mountain ranges surrounding the Vera Basin were emergent as a topographic relief 
during the early to mid-Pliocene. This statement is supported by Volk (1967a) who envisaged the 
Pliocene Vera Basin to have taken on a similar bathymmetric appearance to that of today. 
3.2.5 Early Pliocene Palaeogeography of the Vera Basin 
A late Mcssinian and early Pliocene palaeogeography of the Vera Basin is presented within Figure 
3.8. The late Messinian reconstruction is based upon summary evidence from Volk (1967a) and 
Alvado (1986), whilst the early to mid-Pliocene reconstruction is based upon the evidence derived 
from the Basinal and Marginal Facies associations of the Cuevas Formation. 
i) Late Messinian 
During the late Messinian the central part of the Vera Basin was characterised by a deep water 
environment in which turbidites of the Abad and Santiago Members (Turre Formation) were 
deposited (Volk, 1967a). At the same time. Pontes reef limestones of the Cantcra Member (Turre 
Formation) were formed along the western margins of the basin (Volk, 1967a; Alvado, 1986; Ott 
d'Estevou et aL, 1990) indicating the Sierra de los Filabres were present as a positive topographic 
relief during the late Messinian. Al l of this evidence is derived from sedimentary sequences within 
the western, central and southern parts o f the Vera Basin. 
A marine linkage between die Vera and Sorbas Basins probably existed during the late Messinian. 
Evidence for this is derived from an eastwards prograding shoreline sequence of the Sorbas Member 
(Roep et a/., 1979) which shows a deepening of marine facies towards the Vera Basin. Vera and 
Sorbas were linked by a narrow faulted corridor which had existed throughout the late Miocene, 
opening out into deeper marine conditions in the Vera Basin. Although Messinian deposits are 
exposed within the Huercal-Overa Basin to the north of Vera (Briend, 1991), there does not appear 
to be any linkage bet\veen the two. 
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Margins] Fades Baslnal Faclcs 
^SlE*SS^ra I tNNER SHELf SANDS & CONGLOMERATES OUTER SHELF StLTS 
metCum sand flno Band 
^ ^ ^ ^ ^ ^ ^ ^ 
Figure 3.7 - Schematic representation of the wave-storm dominated shelf setting in 
which the Cuevas Formation was deposited (modified from Johnson & Baldwin, 1986) 
Sediments show a textural grading from shelf muds (Basinal Fades) within the outer 
shelf zone through to sands and conglomerates (Marginal Fades) within the nearshore 
zone. 
S terra A^aio] 
LATE MIOCENE SEA 
Patagic msrU and turbtdltn 
Sierra de 103 
Filabres Cantara Mtmb*r. 
wmlnal cartxmata 
cttmtAgx r««fa 
i^crro Cabrera / AifT-aqicra | 
A: Late Messinian 
mnrsmn Sierra A I^ra 
S>; ifarcilnai Faclaa Naarshora 
2on«aBndstonaB4 
contfomarana 
PUOCEHESEA 
Baalnal Faciat ahatt 
mudit(maa& 
aittatonaa 
Sierra doles 
FCabrcs 
Cabrera / Almagrcra | 
B: Early Pliocene| 
Figure 3.8 - Palaeogeographic reconstruction of the Vera Basin during the Late 
Messinian and Eariy Pliocene. A: Late Messinian - Deep water central basin area 
characterised by pelagic mari and turbidite deposition (Abad & Santiago Mbrs). 
Reef building (Cantera Mbr) on western basin margins. Shorelines within the 
Sorbas Basin prograding eastwards towards the Vera Basin. B: Early Pliocene -
Pliocene Sea transgression. Central and northern Vera Basin characterised by a 
low gradient, wave-storm dominated shelf platform (Basinal Facies). Shoreline 
sediments deposited along northern and western basin margins. Southem part of 
the Vera Basin is possibly continental. 
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ii) Early Pliocene 
The early Pliocene transgression is only recorded within central, northern and western parts of the 
Vera Basin. There is no evidence for PHoccne sediments within the southern part of the Vera Basin 
which may have been eroded by subsequent fluvial erosion during the Pleistocene. Sediments of the 
Basinal and Marginal Facies of the Cuevas Formation show that the Vera Basin was characterised 
by a shallow marine shelf environment, with shorelines present along the northern and western basin 
margins. Similar marine conditions appear to have extended northeastwards into the Pulpi Corridor 
as recorded by Veeken (1983). 
A lack of Pliocene sediments in the southern part of the Vera Basin makes palaeogeographic 
reconstruction difficult. Apart from the late Messinian and eariy Pliocene sedimentary evidence 
within the Sorbas Basin from the Carializ and Zorreras Formations, no sediments of Pliocene age 
occur within the corridor between the Sorbas and Vera Basins. This suggests that early-mid Pliocene 
sediments were not deposited or have been subsequently removed by Pleistocene erosion. It is most 
likely that the southem part of the Vera Basin was continental during the early Pliocene. 
Evidence from both the Marginal and Basinal facies in the upper parts of the Cuevas Formation 
indicates that the Vera Basin was beginning to shallow towards the end of the Pliocene. This is 
marked generally by coarsening upwards sequences which show a transition and gradation into the 
Espiritu Santo Formation and corresponds to the beginning of a global fall in sea level towards the 
end ofthe Pliocene (Haqe/a/., 1987; 1988). 
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3.3 T H E F I N A L M A R I N E P H A S E : The Esp i r i tu Santo Format ion 
The Espiritu Santo Formation of Vblk and Rondeel (1964) is represented by a series of mid to late 
Pliocene fluvio-marine sediments thought to have formed by fen-delta deposition (Volk, 1966, 
1967a; Postma & Roep, 1985). Up to 80m in thickness, these sedimentary sequences are exposed 
within the central, northern and western regions of the Vera Basin (Figure 3.9). They mark the final 
episode of marine sedimentation within the Vera Basin, occurring at the same time as distinct 
changes of basin palaeogeography, regional epeirogcnic uplift and a lowering of global sea-level 
following the maximum Pliocene transgression. 
A stratigraphic subdivision of the Espiritu Santo Formation was proposed within Chapter 1 (Section 
1.9.1), identifying two stratigraphic members, the Vera Member and Almanzora Member. The 
follovsing sections (3.4 & 3.5) consider each stratigraphical member in turn and describe their 
stratigraphy, sedimentology, palaeontology, and inferred palaeoenvironments. The final section 
proposes a dcpositional model for the evolution of the northern part of the Vera Basin and a 
subsequent palaeogeographic evolution of the Espiritu Santo Formation during the mid to late 
Pliocene. 
3.4 T H E V E R A M E M B E R 
3.4.1 Introduction 
Sedimentary units of the Vera Member are located within central, northern and western parts of the 
Vera Basin (Figure 3.10). In central regions, the Vera Member typically forms a coarsening upwards 
sequence up to 80m thick, conformable over shallow marine shelf sediments o f the Basinal Facies, 
Cuevas Formation. Along the northern and western basin margins, the Vera Member forms thinner 
sequences up to 20m thick that unconformably overlie shoreline sediments of the Marginal Facies, 
Cuevas Formation and metamorphic basement. 
The following sections describe the main sedimentary' aspects of the Vera Member. Sequences that 
correspond to fan-delta deposition within central areas of the basin are described first. These are then 
followed by descriptions of fan-delta and shoreline sequences which occur around the basin margins. 
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Vera Member 
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t h f cno?"? • ^ ® o ' ° 9 ' ^ ' I"QP ?/ the north-central region of the Vera Basin showing 
the spatial occurrence of the Vera and Almanzora Members (Espiritu Santo 
V a ^ O ffi" '^^^ ^""^ basement. Map modified from 
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3.4.2 Basin Centre Fan-Delta Sequences 
Within central and northern central parts of the Vera Basin, sedimentary units of the Vera Member 
occur within two distinct east-west orientated outcrops (Figure 3.10). Sediments are typically 
composed of well sorted, rounded gravel-pebble conglomerates that form large-scale, 40m high, 
cross-beds or clinoforms which dip at angles beUveen 5 to 28°. Up to 2m in thickness, individual 
beds are characteristic of giant foresets which have an asymptotic relationship with gently dipping 
underlying beds. These sedimentary characteristics are typical of deposits formed by Gilbert-type 
fan-deltas (Gilbert, 1885; McPherson et ai, 1987; Nemec, 1990). Gilbert-type fan-deltas typically 
have a tripartite division of topsets, foresets and bottom set beds and are formed by the progradation 
of an alluvial fan into a standing body of water (McPherson et ai, 1987; Colella; 1988). Fan-deltas 
are formed when an alluvial fan or river is deposited into a standing body of water from an adjacent 
highland (Elliot, 1986; McPherson et at., 1987; Colella, 1988). Their characteristic steeply dipping 
deltaic foresets are formed by homopycnal flows where river and basinal waters are of a similar 
density (Bates, 1953). Inflows trigger a rapid mixing of fluvial and basinal waters whereby sediment 
dispersal is inhibited by deposition within a protected setting (Colella, 1988). 
Exposures from two localities are used to describe the main geometric and sedimentary 
characteristics of the fan^lelta deposits observed within central parts of the Vera Basin. An exposure 
at Cerro la Peruera (GR.974227) shows the overall geometric arrangement of the giant foresets 
(Figures 3.10 & 3.11), whilst the main sedimentary evidence is derived from quarried sections in the 
Cabezo Colorada region (GR.977258) (Figure 3.10). 
On the basis of bedform geometry and sedimentary characteristics it is possible to sub-divide the 
fan-delta deposits into lower delta slope (LDS) and an upper delta slope (UDS) using the 
terminology proposed by Postma (1984) and Postma & Roep (1985). The geometric evidence is 
derived from the Cerro la Peruera section (GR.974227), whilst sedimentary evidence is derived from 
both Cabezo Colorada (977258) and Cerro la Peruera (GR.974227). 
i) Lower Delta Slope Sedimentology 
The Lower Delta Slope Sequences mark the zone of transition from the Cuevas Formation (Basinal 
Facies association: section 3.2.2) into the Vera Member (Espiritu Santo Formation). Sequences vary 
in thickness from 20 to 40m and comprise well cemented siltstones and sandstones interbedded with 
rare conglomerates. The beds of sandstone and conglomerate occur as a series of large-scale 
asymptotic planar cross-beds with low gradient dips at up to 10*^ , reducing in gradient wesUvards and 
sometimes traceable laterally over several hundred metres. Sediments correspond to a series of mass 
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0 km 1 
Figure 3.10 - Principal localities of the Vera Member (Espiritu Santo Formation) 
fan-delta and shoreline deposits referred to within the text. 1.EI Hacho - fan-delta. 
2.Cerro la Penjera - fan-delta. 3.Cabezo Colorado - fan-delta. 4.Rambla Cirera -
fan-delta and shoreline.S.EI Calguerfn - fan-delta. G.Cuestan del Chapi - shoreline. 
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flow deposits which are described below using terminology fi-om Postma (1984; 1986) and Postma 
& Roep (1985). 
a) Interbedded pebble conglomerates and sUtstones 
These facies are typical of most of the lower delta slope sequences and comprise poorly sorted 
conglomerates interbedded with siltstones of the Cuevas Formation that contain Amussium cristatum 
and a diagnostic Globorotalia planktonic foraminifera assemblage (see Volk, 1966, 1967a for 
species detail). Poorly sorted, the conglomerates are composed of gravel and well rounded pebbles 
(20cm maximum), supported within a siltstone matrix similar to that of the interbedded Cuevas 
Formation. Clasts appear to Afloat' within the silt matrix. Beds are up to Im thick and sometimes 
show a weak fining upwards often grading into the siltstones. 
The conglomerates are interpreted as mass flow deposits on the basis of their poor sorting, matrix 
support and lack of internal structure. Normal grading from conglomerate into siltstone within many 
units is a strong characteristic of subaqueous debris flows which tend to evolve towards a high 
density turbidite (Nemec & Steel, 1984). Similarities of the matrix to the interbedded Cuevas 
Formation siltstones suggests that the debris flows have reworked gravel-pebble clasts with the 
Cuevas Formation siltstones to form a composite type of conglomerate bed. Postma (1984) described 
similar composite conglomerate beds from Pliocene fan-delta sediments of the Abrioja Formation, 
Tabemas Basin terming massive conglomerates interbedded with mudstones "bipartite beds". The 
origin of these bipartite beds within fan-delta settings can be attributed to flow segregation, flow 
surges or a combination of both processes (Postma, 1984). In this case it appears that die main 
conglomerate beds have formed from either flow segregation or surges whilst the siltstones relate to 
^normal' background sedimentation. 
b) Massive pebble Conglomerates 
The massive pebble conglomerates occur within the upper parts of the lower delta slope sequence 
where they are interbedded with the bipartite debris flows described above. Typically, the deposits 
comprise massive sheets of conglomerates up to 2m thick ( Im average) that thin in a down dip 
direction. Individual beds can sometimes be traced laterally over several hundred metres thinning 
from 2m upslope to 0.3m downslope. Conglomerates are composed of poor to moderately sorted 
clasts of well rounded pebbles and cobbles supported within a coarse sand-gravel matrix. Clasts 
sometimes show a preferred orientation. Bases of the conglomerate sheets are generally erosive, 
commonly undulose, with a relief of 0. Im. 
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Espjritu Santo Fm 
Vera Member asymptotic contact 
Upper delta sequences (foresets)j5?<,,. 
• conglomerate units (< 28') 
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Figure 3.11 - Photo (A) and accompanying sketch (B) of Vera Member fan-della 
n?!J?°.T?r i^T.o??! ' ' l l ' °^^^ "'"'^^ ^ ^ ' l ^ P®'^®^^ C^c^^'o" 2. Figure 3.10). 1km east 
of Antas (GR 974227). Beds are arranged in a clinofomi geometry showing a typical 
asymptotic relationship between foreset and bottomset beds. The sequence coarsens 
upwards corresponding to the progradation of the fan-delta, reaching up to 60m in 
inicKness. 
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The massive pebble conglomerates o f the Lower delta slope sequences suggest deposition by mass 
flow processes. Poor sorting, lack of grading and the overall coarse grain size of the conglomerates 
implies that flows were of high density corresponding to a type of cohesionless grain flow. Alignment 
of some clasts suggests that flows were laminar in part. 
ii) Upper Delta Slope Sedimentology 
Upper delta slope sequences reach up to 40m in thickness, forming the large-scale as>'mptoiic cross-
beds that overlie the much lower angle lower delta slope sequences. Sequences are composed of 
interbedded sheets of sandstone and conglomerates dipping at up to 28° in a westerly direction, 
sometimes traceable laterally over several hundred metres. Within the quarried sections at Cabezo 
Colorado (GR.977258) many of the upper delta slope sequences have a strong red, brown, yellow or 
black colouration which clearly picks out the steeply dipping geometry of the upper delta slope 
sequences (Figure 3.12A). 
Interbedded Coarse Sandstones and Gravel-Pebble Conglomerates 
These Interbedded sandstones and conglomerates dominate the Upper Delta Slope sequences, 
forming laterally persistent units that can be traced laterally over several tens of metres. Up to 2m 
thick, individual beds are characterised by sharp, planar erosive bases. Conglomerates typically 
comprise poorly sorted rounded pebbles supported within a medium to coarse sand matrix. Beds may 
show a normal grading, fining up into the sandstone units, although this is uncommon with 
conglomerates tending to be massive. Some disc shaped clasts within the pebble conglomerates show 
an orientation with flow in a general westerly direction. Upper parts of the beds have a characteristic 
undulose relief of up to 20cm, sometimes with large bivalve moulds resting within the small troughs 
(Figure 3.13C). Sandstones are typically pooHy sorted and comprise coarse sand which support rare 
clasts of gravel and pebbles. 
Poor sorting and matrix support suggest that these conglomerates and sandstones were deposited by 
mass flow processes. The massive nature of the units and the presence of rare floating clasts within 
the sandstones indicate that sediment flows were highly concentrated. Normal grading within some 
beds may suggest a more fluidal type of flow tending towards a turbidite (Nemec & Postma, 1984; 
Postma&Roep, 1985). 
iii) Palaeoenvironment 
The overall geometry of the lower and upper delta slope sequences corresponds closely to the 
bottomset and foreset beds of a classic Gilbert-type fan-delta (Gilbert, 1885). Lower delta slope 
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Figure 3.12 - Sedimentotogical and palaeontological aspects of the Vera Member fan-delta deposits 
from localities in the region of Cabezo Colorada. 
A: Reddish brown and yellow colouration of fan-delta (upper delta slope) foreset t>eds exposed in the 
Espiritu Santo quarry at Cabezo Colorada (GR.977258) (location 3, Figure 3.10). The colouring may 
reflect mineralisation by iron and manganese enriched groundwater. Height of rucksack = 45cm 
(arrowed). 
B: Quarried section at the Espiritu Santo quany showing the progradation of a series of steeply dipping 
(up to 28') upper delta slope foreset beds. Section is 8m high. 
C: Moukls of large pectinkJ bivalves in life position, located within slight topographic depressk)ns on the 
upper surface of a fan-delta conglomerate unit. The section is exposed in a small rambia leading up to 
the munrcipal mbtMSh dump. Lens cap width = 5.2cm. 
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sequences were deposited in a subaqueous pro-delta area as shown by the interbedding of debris flow 
deposits with siltstones of the Cuevas Formation. The low angle o f the lower delta slope beds implies 
that these deltaic beds were deposited onto an existing low gradient depositional surface such as a 
shelf platform area as envisaged for deposition of the Cuevas Formation Basinal Facies in Section 
3.2.2. The occurrence of bipartite debris flows within the lowermost parts o f the lower delta slope 
sequences is significant suggesting that the debris flows were reworked. Postma and Roep (1985) 
suggested that much of the lower delta slope sequences were derived from the collapse of an unstable 
delta front resulting in the reworking of conglomerates with fine sediment of the Cuevas Formation 
deposited during normal background sedimentation. 
Upper Delta Slope sequences correspond to the main body of the fan-delta, formed by progradation 
of the delta front. Again deposition is probably subaqueous as shown by the features of the mass 
flow deposits. Significant features include a vertical increase of matrix in some beds, a feature 
considered by Nemec & Steel (1984) to be typical of subaqueous debris flows. Rare dewatering 
structures were observed within some conglomerate beds by Postma & Roep (1985) suggesting that 
some of the sediment was rich in water as it is generally considered very difficult to fluidize coarse 
grained deposits (Lowe, 1975; Postma, 1983). 
To produce a Gilbert-type fan delta it is generally considered that deposition should occur into a low 
energy environment such as a lake or protected marine embayment (McPherson et al., 1987; Collela, 
1988). The extensive nature of Gilbert-type fan-delta deposits within the central parts of the Vera 
Basin suggests that the effects of wave or tidal action were negligible and that the basin may have 
been partially enclosed. Palaeontological evidence supports a partially enclosed environment during 
deposition of the fan-delta. Micropalaeontological observations by Volk (1966) reported a mixed 
open marine and brackish fauna of benthic foraminifera and ostracoda in beds of the Lower Delta 
Slope sequences, whilst reporting the domination of fi-eshwater-brackish species (e.g. the ostracode 
Cyprideis) in the Upper Delta Slope sequences. 
The excellent exposure of fan-delta sediments within the Cerro la Peruera and Cabezo Colorado 
sections allows for an accurate three dimensional reconstruction of the complete fan-delta body. 
Each locality represents a complete deltaic lobe therefore indicating that at least two fan-delta lobes 
were deposited. Palaeocurrent reconstructions from clast imbrication and the overall large-scale 
geometry of foresets at these localities suggests that both fan-deltas prograded in a westerly 
direction. This is supported by similar observations recorded by Volk (1966, 1967a) and Postma & 
Roep (1985). 
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As it is considered that the Lower and Upper Delta Slope sequences were deposited in a sub-aqueous 
environment the sum of their thickness wil l approximate to the depth of water on deposition. 
Sequences at El Hacho (GR.996232) which form the most easteriy remnants of the fan-delta body, 
are 80m thick, whilst sequences thin to around 40m in the west suggesting a shallowing of water 
towards the Sierra de los Filabres (Volk, 1966; 1967a; Postma & Roep, 1985). 
3.4.3 Basin Margin Fan-Delta Sequences 
Along the northern margin of the Vera Basin, to the northwest of Cuevas del Almanzora, the 
Almanzora Member is characterised by a 50m thick sequence of large-scale cross-bedded 
conglomerates and sandstones (Figure 3.9). The sediments form large-scale, giant cross-beds up to 
30m high, dipping beUveen 5 and 28° to the southwest. Again these characteristics are typical o f 
deposits formed by GiIbert-t>TDe fan-deltas (Gilbert, 1885; McPherson et al., 1987; Ncmec, 1990). 
However, unlike the previously described sequences within the basin centre these sediments are ver>' 
lexturally immature and are clearly sourced from the Sierra Almagra, with the fan-delta body 
remaining attached to the mountain front. Two localities are used to describe the main sedimentary 
and palaeontological characteristics of the marginal fan-delta sequences: El Calguerin and Rambla 
Cirera (Figure 3.13) 
At El Calguerin (GR.985293) the proximal part of the fan-delta is exposed in a 120m section 
(Figure 3.14) cut by dissection of the Rio Almanzora. The succession is characterised by massive 
and weakly bedded siltstones and fine sandstones in the lower parts of the sequence. In mid-parts of 
the section siltstones and sandstones are overlain by large-scale giant cross-bedded conglomerates 
and sandstones. Whilst within the uppermost parts of the section the giant cross-beds arc overlain by 
horizontally intcrbedded conglomerates and siltstones. 
A 50m section in a tributary to Rambla Cirera (GR.983283) provides the main exposure through the 
mid part of the fan-delta (Figure 3 .15). Lower parts of the section arc dominated by interbedded fine 
to coarse sandstones. These are overlain in upper parts of the section by large-scale giant cross-
bedded boulder conglomerates and sandstones. 
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0 km 1 
Figure 3.13 - Principal localities of the Vera Member (Espiritu Santo Formation) 
northern margin fan-delta sequences referred to within the text. 1.EI Calguerm 
(proximal fan-delta) (GR.985293). 2.RambIa Cirera tributary (mid fan-delta) 
GR.983283). 
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Figure 3.14 - Sedimentary log from El Calguerfn (GR.985293) (Location 1, Figure 3.13), 
north of Cuevas del Almanzora. The section shows a complete stratigraphic sequence 
through the Cuevas Fm (early-mid Pliocene). Espiritu Santo Fm and Salmerdn Fm which 
correspond respectively to bottomsets, foresets and topsets of fan-delta deposition. 
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i) Sedimentology 
TTie key facies which occur at both the El Calguerin and Rambla Cirera localities are described 
below in ascending stratigraphic order. 
a) Siltstones and Fine Sandstones 
Siltstones and fine sandstones comprise the lower 25m of sediments within the basal parts of the El 
Calguerin and Rambla Cirera logs (Figures 3.14 & 3.15). Grey to yellow in colour, these sediments 
typically form weakly bedded units up to 2m in thickness that dip gently southwards at up to 5°. 
Individual beds generally lack any internal structures apart from rare bioturbation features and 
uncommon fossil remains. Bioturbation structures are usually simple vertical features with 
structureless sand fills up to 30cm long and 2cm wide (Figure 3.16B). Fossil remains are dominated 
by disarticulated bivalve shells {Amussium cristatum, Pecten sp. and Ostrea edulis), together with 
relatively common plant remains (pine cone and leaf) and rare disarticulated remains of whales and 
dolphins {Cetecea). 
These sediments were probably deposited as marine shelf blanket muds within a low energy inner 
shelf zone. A general lack of internal structure within beds suggests extensive bioturbation of 
sediment, which may have destroyed any evidence for lamination or cross-bedding. Where preserved 
bioturbation structures are typical of Skolithos commonly found widiin shallow marine inner shelf 
zones (Collinson & Thompson, 1989; Bromley, 1990). Extensive blankets of shelf muds, sometimes 
thoroughly bioturbated, have been recorded fi-om many modem shelf environments (Curray, 1964, 
1965; Swift, 1970). PalaeontologicaJ evidence supports an inner shelf zone depositional setting 
(Aguirre, 1996). It is possible that anoxic conditions prevailed during some periods of sedimentation 
in order to preserve some of the plant material. 
In general these siltstone and fine sandstone sediments display many similarities to the Basinal 
Facies association of the Cuevas Formation described in section 3.2.2. 
bJCoarse sandstones and pebbly conglomerates 
Interbedded coarse sandstones and pebbly conglomerates arc exposed within the lower mid parts of 
the El Calguerin and Rambla Cirera sections where they overlie the previously described shelf 
blanket muds. These sediments occur within a series of beds up to 2m thick that dip at up to 10** 
towards the southwest and can be traced laterally over several tens of metres. Yellow to grey in 
colour, the coarse sandstones are moderate to well sorted and typically massive. Rare, localised 
scours (20cm wide, 10cm deep) infilled with poorly sorted gravels are present within some of the 
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1 m 
Figure 3.16 - Sedimentary features from the Rambia Cirera tributary 
(GR.983283). 
A: Typical, symmetrical gravel-filled scour within the lower delta sequence 
coarse sandstones. Pencil = 14cm. 
B: Simple sub-vertical bioturt)ation structure of a Skolithos ichnofacies 
association. Pencil = 14cm. 
C: Overview of the main cross-bedded Upper Delta Slope sequences within 
the tributary to Rambia Cirera (Location 2, Fiaure 3.13). The main, steeply 
dipping fan-delta foresets (a) are clearly overlying the low angle bottomset 
beds (D). This outcrop allows for an excellent three dimensional view of the 
fan-delta lobe which is prograding towards the southwest. 
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Figure 3.16 (ctd) • Detail from the proximal fan-delta sequence 
at El Calguerm (GR.985293). 
D: Central part of the logged El Calguerfn section showing the 
slratigraphic relationships between the bottomset (a), foreset (b) 
and topset (c) beds. 
E: Detail from the main foreset beds (b) showing texturally 
immature, poorly sorted boulder conglomerates with rare 
oversized clasts up to 2m in diameter. Vertical height = 10m. 
F: Detail of a typical, weakly bedded gravel conglomerate unit 
from the topset beds (c). Tne conglomerate is well sorted and 
clasts are clearly imbricated. Flow is from right to left 
(southwards). Pencil length = 14cm (arrowed). 
G: Red silt (SYR 6/8) and laminated carbonate from the topset 
beds (F: c), representing a palaeosol (a) overlain by a gravel 
conglomerate (b). Notebook height = 20cm. 
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sandstone beds (Figure 3.16A). Fossil remains are common typically comprising isolated remains of 
articulated and disarticulated bivalve shells {Pinna Sp., Ostrea edulis, Chlamys radians, 
MacrochlamySj Scaphopods), rare echinoids (Schizaster), barnacles, bryzoans and calcareous algae. 
Vertebrate remains are very rare but specimens of sharks teeth and disarticulated remains of whales 
and dolphins have been observed (Cetecea). Sandy conglomerates increase up succession at the 
expense of the coarse sands. The conglomerates occur as well defined beds with sharp erosive bases, 
commonly grading up into the coarse sandstones. They are typically massive and contain no fossil 
remains. 
The coarse sandstones and pebbly conglomerates represent deposition within a marine nearshore 
zone under higher energy conditions. The steeper dip of beds, aldiough possibly partially tectonic, 
may suggest a significant depositional slope. Coarse sandstones were probably deposited within a 
nearshore zone. Their massive internal structure may imply extensive bioturbation although the 
presence of isolated gravel filled scours indicates the occurrence of localised turbulent currents. The 
extensive palaeontological remains are typical of a nearshore zone (Aguirre, 1996) with nutrient 
supply for marine organisms. The sandy conglomerates suggest deposition by mass flow processes, 
possibly as a high density turbulent flow of sediment. Evidence for this is derived from the poor 
sorting and lack of internal structure of the sandstones which are similar features displayed by 
conglomerates of the Lx>wer Delta Slope sequences in the Basinal fan-delta sediments. The 
depositional dip and lateral extent of these sandstone and conglomerate beds are also comparable 
with those observed for the Basinal fan-delta sediments and therefore may also represent some kind 
of distal fan-delta / lower delta slope sediments but in this case associated with the northern basin 
margins. 
c) Boulder conglomerates 
Boulder conglomerates occur within the mid parts of the El Calguerin and Rambia Cirera sections 
(Figures 3.14 & 3.15). These deposits form a series of steeply dipping large-scale cross-beds. 
Individual beds are up to 3m thick, dipping at up to 25° towards the southwest and can often be 
traced laterally in a down dip direction over several tens of metres (Figure 3.16C,D). The cross-beds 
have an asymptotic contact with underlying beds. Within the El Calguen'n section, boulder 
conglomerates are very poorly sorted and lack any internal structure. Clasts are dominated by 
angular to sub-rounded cobbles and boulders, together with rare oversized clasts up to Im in 
diameter, supported within a variable silt, sand and gravel matrix (Figure 3.16D,E). At the Rambia 
Cirera section the boulder conglomerates form well developed large-scale cross-beds, some of which 
arc exposed in three dimensions showing clearly a southwesterly progradation direction. At both 
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sections fossil remains within the boulder conglomerates are rare, usually occurring as large circular 
borings (l-2cm wide and 4cm deep) into limestone boulders or as localised concentrations of giant 
thick shelled oysters (30cm length). Rare, single oysters shells and barnacles have been observed 
encrusting some clasts. 
The boulder conglomerates represent deposition by mass flow processes. Poor sorting, the 
dominance of large clasts, a lack of internal grading and clast orientation are features typical of 
cohesionless debris flow deposited within a fan-delta environment (Postma, 1984; Postma & Roep, 
1985). The cross-beds represent the main forescts of a fan-delta. Giant oysters are typically found 
within fan-delta environments where they build reef-like constructions, commonly on or near to the 
main delta front in order to filter feed from fresh water inputs into the marine environment (Slenzel, 
1971; Jimenez et o/., 1990). The chaotic nature of these oysters suggests that the shells have been 
reworked as subaqueous debris flows as the fan-delta prograded. 
d) Interbedded gravel conglomerates and red siltstones 
Interbedded gravel conglomerates and red silts occur only within the upper parts of the El Calguerin 
section where they form a 50m sequence of sediments (Figure 3.14). Gravel conglomerates dominate 
these sequences where they form lensed sheets of sediment up to 1.5m thick that can sometimes be 
traced laterally over several metres. Beds are t>pically horizontal or low angle. The conglomerates 
are either massive or show an ill defined horizontal lamination, which sometimes develops into a low 
angle (<5°) planar cross-bedding (Figure 3.16F). Moderate to well sorted and clast supported, the 
conglomerates commonly overlie planar erosion surfaces and are composed of sub angular to sub-
rounded clasts of gravel and pebbles with rare boulders. Clasts show a clear imbrication in a 
southerly direction. The red silts are relatively uncommon but where present form units up to 1.5m 
thick. Their most distinct feature is their strong red colouration (5YR 6/8: orange). Basal parts of 
the red silts sometimes show laminar and nodular carbonate development (Figure 3.I6G). Generally 
though, the silts lack any internal structure apart from a poorly developed grey mottling. 
The interbedded gravels and red silts represent deposition within a subaerial environment. 
Laminations, rare low angle planar cross-bedding, scouring and imbrication of clasts are more 
typical of stream flood deposits produced (Costa, 1988; Reid & Frostick, 1989). The presence of 
cross-bedding is significant as this suggests bedfonm migration, possibly by longitudinal bars. The 
occurrence of the sediment within lenses, implies that flows were channelised. Siltstones appear also 
to infi l l these channelised forms. Their red colouration is typical of haematite reddening produced 
during soil development whilst grey mottling suggests some kind of reduction (Wright & Allen, 
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1989). Carbonate nodule development within the siltstones is further evidence for the formation of an 
immature soil (Stage l - I I : Gile et al., 1966). 
ii) Palaeoenvironment 
The basin margin fan-delta sequences illustrate the development of a Gilbert-type fan-delta from the 
northern margins of the Vera Basin, reflecting the basinwards progression of a series of adjacent 
sedimentary environments. Initial deposition was characterised by shelf muds and sands deposited 
within a low energy open marine inner shelf zone. These lower sequences correspond to sediments of 
the Cuevas Formation. The first effects of fan-delta deposition are identified from a subtle 
coarsening upwards within the succession (Figure 3.14 & 3.15). Interbeddcd coarse sands and sandy 
pebble conglomerates were deposited in a shallow marine nearshore environment, with the 
conglomerate beds representing lower delta slope, mass flow sediments or bottomset beds, deposited 
in a pro-delta area on a low to moderate gradient slope. The succeeding boulder conglomerates 
correspond to the main body of the Gilbert-type fan-delta. Deposition was characterised by a series 
of subaqueous cohesive and non cohesive debris flows, possibly triggered by failure of the delta front 
as envisaged for the previously described fan-deltas within the basin centre by Postma and Roep 
(1985). Sediments within the uppermost parts of the succession mark the onset of continental 
conditions characterised by subacrial deposition of sheetflood deposits and rare palaeosols within an 
alluvial fan environment. They correspond to the topset beds of the fan-delta. Palaeocurrent 
indicators show that the fan-delta prograded towards the southwest, fed from a stream (possibly the 
ancestral Rio Almanzora?) with headwaters in the Sierra Almagra. This is supported by clast 
provenance data which shows that sediments are composed of Triassic mica-schists and meta-
carbonates locally derived from the Ballabona and Almagra Units of the Alpujarride Complex 
exposed within the Sierra Almagra. 
Slightly shallower depths of water of between 30 and 50m are inferred for deposition of this basin 
margin fan-delta, than those of the previously described fan-delta bodies within the centre of the 
basin. The location of the fan-delta also suggests that the Sierra Almagra were present as a 
significant landmass during Espiritu Santo Formation times, in order to supply sediment to the fan-
delta. 
Palaeontological evidence from sediments deposited just beneath the main fen-delta deposits within a 
nearshore environment provides some important climatic data. Here, remains of Pinna bivalves have 
been found which commonly occur within modem sub-tropical environments ( M . de Renzi pers 
comm., 1996). Some of the oysters found within the same stratigraphic levels also suggest a sub-
77 
Chapter 3: The Final Marine Sedimentation 
tropical environment as they have imprints of mangrove stems on their shells to which they were 
once attached. 
3.4.4 Basin Margin Shoreline Sequences 
Shoreline sequences of the Vera Member are exposed along the northern and western margins of the 
Vera Basin (Figure 3.9) in the regions o f Cuestan del Chapi and Loma del Perro respectively (Figure 
3.17). Sequences are composed of interbedded sandstones and conglomerates, usually less than 10m 
thick in total. Stratigraphically, these fiicies form an erosive unconformity over the sands and silts of 
the Cuevas Formation. 
On the northern margin, in the Cuestan del Chapi region, the shoreline sequences are closely 
associated with the fan-delta sequences, with deposition in environments adjacent to the fan-delta but 
at similar stratigraphic levels to the foreset beds of the fan-delta. In contrast, the sequences in the 
Lx)ma del Perro region on the western margin are exclusive to a shoreline type of environment. The 
diagnostic scdimentological and palaeontological features of these marginal shoreline features are 
described and discussed below. 
i) Northern Margin Shoreline Sedimentology 
Along the northern basin margin shoreline sequences are exposed within the Cuestan del Chapi 
region, where they form levels that are the stratigraphic equivalent to the main foreset beds of the 
previously described fan-delta deposits. The shoreline sequences are best exposed in sections along 
Rambia Cirera (GR.980283) and Rambia del Toyo (GR.969284) (Figure 3.17). Two key facies are 
identified fi-om both localities: 
a) Cross-bedded and laminated pebbly sands 
Cross-bedded pebbly sands and rare pebbly conglomerates dominate the shoreline sequences exposed 
along Rambia Cirera. Cross-beds are usually well defined, dipping at relatively steep angles of up to 
20° and commonly infilling scoured surfaces up to Im deep with a tangential basal contact (Figure 
3.18A). Planar cross-laminations are also present, characterised by fine and medium sands with rare, 
isolated gravel and pebble clasts present along the surfaces of individual laminations (Figure 3.18B). 
It is common for the cross-laminated sands to grade up to massive, structureless fine and medium 
sands. Rare, large-scale trough cross-bedding can sometimes be observed. 
The coexistence of pebbly sands and sandy pebble conglomerates suggests a marine environment 
characterised by fluctuating energy levels. The presence of large scoured surfaces up to Im deep 
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Figure 3.17 - Principal localities of the Vera Member (Espiritu Santo Fm) shoreline 
sequences referred to within the text. 1.Northern margin shorelines - Cuestan 
del Chapi region. 2.Western margin shorelines - Rambia de la Galvilla & 
S.Canada de don Luis. 
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suggests that flows were highly erosive, probably turbulent in nature. A nearshore wave dominated 
environment would produce highly variable erosive flows, created by the effects of surf and swash 
fi-om shoaling waves and backswash of retreating waves (Clifton et al., 1971). A complex inter-
relationship of planar cross-bedded pebbly sand facies and erosion surfaces are commonly produced 
within upper shorefece areas, observed within both modem, sub-recent and ancient wave dominated 
environments (Clifton e/a/., 1971; Nemec & Steel, 1984). 
b) Sandy Pebble Conglomerates 
Pebble conglomerates dominate the exposures along Rambla del Toyo and represent the main type of 
shoreline sediment in the Cuestan del Chapi region. Moderate to well sorted, the conglomerates 
forms units up to 10m thick which are either massive or moderately well bedded. Clasts are 
characterised by well rounded gravel and pebble clasts dominated by quartz and meta-carbonate 
lithologies. In most cases the clasts of sand and gravel and are supported within a well sorted, yellow 
coloured fine sand. Exposures of the conglomerates are usually poor, covered by either surface wash 
of sands and silts, or have collapsed due to poor consolidation. 
Massive and weakly bedded sandy pebble conglomerates are commonly formed within nearshore 
zones, usually within either the upper shoreface or foreshore regions. Weak bedding is often 
produced by shape filtering, particularly i f clasts are dominated by spherical or rod shaped clasts 
which become entrapped on sand beds to produce weakly bedded pebbly sands (Bluck, 1967; Nemec 
& Steel, 1984). 
ii) Western Margin Shoreline Sedimentology 
Shoreline deposits along the western basin margins are exposed in the Loma del Perro region at 
localities along Rambla de la Galvilla (GR.920220) and Caiiada de Don Luis (GR.927217) (Figure 
3.17). Sequences comprise a series of inter bedded conglomerates and sandstones up to 10m thick. 
a) Interbedded boulder conglomerates and sandstones 
Interbedded boulder conglomerates and sandstones are exposed within the Rambla de la Galvilla and 
Caiiada de don Luis sections. They form the dominant type of shoreline deposit along the westem 
basin margin. Poor to moderately sorted, the conglomerates form laterally persistent lensed units up 
to Im thick which show no intemal stmcture. Clasts typically comprise well rounded cobbles, 
boulders and rare oversized clasts up to Im in diameter supported within a sandy matrix giving the 
conglomerate a distinct bimodal texture (Fig 3.19A,B). Lithologically clasts are highly variable, 
composed of quartz, mica schists, meta-carbonates, amphibolites and tourmaline gneisses derived 
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Figure 3.18 - Uppershoreface sands and conglomerates exposed on the eastern 
side of Rambia Cirera, Cuestan del Chapi region (GR.980283). A: Planar 
cross-bedded pebbly sands (a) infilling a scoured surface, overlain by weakly 
cross-laminated sands and silts (b) also infilling a scoured surface. Hammer 
length = 35 cm (arrowed). 
B : Detail of planar cross-laminated coarse sands and gravel sands from the base 
of the infilled scour observed in A:. Lens cap width = 5.2 cm (arrowed). 
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Figure 3.19 - Sedimentary detail of the western margin shoreline, exposed within the 
Loma del Perro region. 
A: Interbedded rounded cobble beds with coarse and fine sandstones overlain by 
alluvial fan deposits of the Salmeron Formation from Rambia de la Galvilla. 
Notebook height = 20cm. 
B: Typical rounded pebble to boulder size clasts corresponding to shallow marine 
nearshore reworking of basement material denved from the Sierra de los Filabres. 
Canada de don Luis. Lens cap width = 5.2cm (arrowed). 
C: Simple sub-vertical dwelling burrows infilled with coarse sand (arrowed) overlain 
by a poorly sorted, matrix rich pebble conglomerate Lens cap width = 5.2cm. 
D: Rewori<ed oyster shell (arrowed) which has been extensively bored by sponges. 
Pencil length = 14 cm. 
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locally from the Nevado-Filabride Complex which forms the Sierra de los Filabres in this region. 
Many of the larger boulders, particulariy the meta-carbonates show evidence for extensive boring by 
Lithophaga bivalves. Sandstones are interbedded with the boulder conglomerates and form a series 
of thinly bedded or rarely, low angle planar cross-bedded units of fine to coarse sand up to 0.5m in 
thickness. Sedimentary structures are confined to simple vertically orientated bioturbation infilled 
with massive coarse sand (Figure 3.I9C). Fossil remains within the sandstones are limited to rare 
disarticulated oysters which show extensive sponge boring (Figure 3.19D). 
The inicrbedded boulder conglomerates and sandstones correspond to deposition within a shallow 
marine shoreline environment, possibly within an upper shorcface or foreshore area. Boulder 
conglomerates show no evidence for any significant transportation within the marine environment. 
They most likely reflect boulder dominated beaches derived fi-om a rocky shoreline or from localised 
stream inputs into the shoreline area. Roundness of clasts probably results from constant wave 
action in an uppershoreface area. Sand has then probably infiltrated the spaces between clasts to 
produce the bimodal textures that are apparent within the boulder conglomerates. This process is 
similar to the particle size segregation model proposed by Bluck (1967) in order to produce pebbly 
sands in this case using larger clasts. Further evidence for an upper shoreface area is derived from 
the presence of Lithophaga borings which commonly colonise carbonate lithologies within shallow 
marine shoreline areas (Warme, 1975). The sandstone beds are typical of a foreshore area, lacking in 
fossils apart fr^om rare, reworked shells or bioturbation structures typical of Skolithos commonly 
found within the nearshore zone (Seilacher, 1967; Collinson & Thompson, 1989, Bromley, 1990). 
iii) Palaeoenvironment 
The shoreline sequences along the northern and western margins of the Vera Basin represent 
deposition of sediments contemporaneous with that of the fan-delta sequences of the Vera Member in 
the basin centre and fi-om the northern basin margin. Along the northern basin margin, shoreline 
sequences are characterised by moderately high energy wave dominated sequences composed of 
laminated sands together with massive and cross-bedded pebbly sands deposited within upper 
shoreface or foreshore areas. Rounded pebbles comprise a significant component of all of these 
northern margin sediments. The well rounded textural maturity of the sediment is typical of the 
basinal fan-delta sediments and suggests that the northern margin shoreline sequences may be 
sourced from the reworking of the texturally similar basin centre fan-delta sediments. In contrast, 
sediments which comprise the western margin shoreline sequences are not reworked from the fan-
delta sediments but reflect a more locally derived sediment ft-om the Sierra de los Filabres. The 
presence of boulder conglomerates suggest a rocky shoreline, probably within upper shoreface to 
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beachface environments that are often covered by sandy beaches. A good analogy for this is derived 
fi^om the modem beaches observed at Macenas to the south of Mojacar where a steep rocky shoreline 
exists. Here, the wave dominated shoreline is directly adjacent to a significant relief of the Sierra 
Cabrera. The beach comprises areas dominated by large boulders derived from rockfalls. Inbetween 
the boulder areas are small sandy coves. 
3,5 T H E A L M A N Z O R A M E M B E R 
3.5.1 Introduction 
Sedimentary units of the Almanzora Member are confined to the northem parts of the Vera Basin, 
where they are exposed in areas to the southwest of Cuevas del Almanzora (Figure 3 .9). Up to 50m 
in thickness, sequences comprise a series of interbedded siltstones and sandstones. Basal parts of the 
sequence unconformably overlie grey coloured siltstones of the Cuevas Formation Basinal facies, 
whilst upper parts of the sequences show a conformable transition into continental sediments of the 
Salmeron Formation. The southem most outcrops of the Almanzora Member arc interbedded with 
fan-delta sediments of the Vera Member within the central part of the Vera Basin, whilst to the north 
and west sequences thin out onto the basin margins. 
The following sections describe the main sedimentary aspects of the Almanzora Member and 
interpret the depositional environments. 
3.5.2 Sedimentology 
In order to describe and interpret the main sedimentary units of the Almanzora Member, the t>pical 
sedimentary succession has been sub-divided into five facies associations. These facies associations 
have been identified by ordering similar facies into groups which are representative of a particular 
depositional setting. Each association is considered in ascending stratigraphic order. The vertical and 
lateral relationships between each facies association are diagramatically represented by a series of 
sedimentary logs (Figure 3.20) and a schematic stratigraphic diagram (Figure 3.21), both of which 
approximate to a north-south transect taken fi-om a basin margin area through to a more distal basin 
centre area across the Almanzora Member. The five main facies associations considered are; 
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Figure 3.20 - Series of sedimentary logs taken from alona a north-south transect 
through the Almanzora Member. Log correlation is taken from the upper part of the 
Brackish Facies Association. 
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1SW1 Distal Alluvial Fan Association — ^ • ^  — — INEI 
Coastal ^, . „ . . ^ . 
Plain Manne-Brackisti Association < 
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Vera Member 
Fan-Detta 
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Open Marine Association 
Figure 3.21 - Schematic stratigraphic representation of the principal 
facies associations of the Almanzora Member based upon a NE-SW 
transect from the basin margins towards the basin centre (not to scale). 
7 
Figure 3,22 - Principal localities of the Vera Member referred to with the text. Each 
locality number corresponds to a logged succession. I.EI Martinete 2.North of the 
road to Cuevas del Almanzora. 3.Zutija 4.South of road to Cuevas del Almanzora 
S.North Barranco del tomate 6-South Barranco del Tomate. 7. Rubbish dump (not 
logged). 
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Oldest 1. Open Marine Association Cuevas Fm 
2. Brackish Association <— 
3. Marine-Brackish Association — Almanzora Member 
4. Coastal Plain Association ^ 
Youngest 5. Distal Alluvial Fan Association Salmeron Fm 
The main characteristics of these facies associations are described in ascending order below. The key 
localities referred to within the text are located within Figure 3.23. 
i) Open Marine Association 
The Open Marine Association forms the lowermost sedimentary units of the Aimanzora Member 
(Figures 3.21, 3.22). Up to 20m in thickness, the association comprises a scries of interbedded grey, 
yellow and red coloured siltstones and fine sandstones. Three main types of sediment arc identified 
and show a distinct geographical distribution. 
a) Interbedded grey siltstones and fine sandstones 
Interbedded siltstones and fine sandstones dominate the Open Marine association. Up to 20m in 
thickness these sediments are well exposed in areas along the road to Cuevas del Almanzora (El 
Martinete: Figure 3.21, 3.22). The grey siltstones form massive units up to 7m thick. Lacking any 
internal structures, the only diagnostic features are rare, well preserved remains of bivalves {Ostrea 
sp., Amussium cristatum)^ echinoids (Schizaster), rare articulated and disarticulated remains of 
whales and dolphins (Cetecea) and poorly preserved plant material. Fine, well cemented sandstones 
are intcrbedded with the massive grey siltstones, forming units up to 30cm thick that can sometimes 
be traced laterally over several hundred metres or as localised concretionary features (Figure 3.23A). 
Internally these units are structureless and contain either none or very rare fossil remains similar to 
those in the massive siltstones. 
The siltstones correspond to deposition within a marine outer shelf zone environment, representing 
the normal fairwealher sedimentation. These sediments are typical of shelf muds deposited on 
modem, low gradient platform areas such as the Gulf of Mexico or Bering Sea (Johnson & Baldwin, 
1986). Extensive bioturbation may be responsible for the massive nature of the siltstone units, 
having destroyed any bedding or sedimentary structures. The thinly bedded, well cemented fine 
sandstone units may result from sedimentation by short lived storm events in which slightly coarser 
sediment is brought into the outer shelf zone. Generally, these sediments are very similar to the 
Basinal Facies of the Cuevas Formation. 
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c) Laminated, rippled and biotiirbated fine sands 
These fine sands are exposed along the southern and to a lesser extent, the western edges of the 
Almanzora Member. The principal sections are located near to the municipal rubbish dump for 
Cuevas del Almanzora (GR.976264) where yellow, orange and red coloured sands form units up to 
5m thick (Figure 3.23B-E). At the rubbish dump locality the sands conformably overlie the 
previously described grey siltstones and become interbedded with fan-delta conglomerates of the 
Vera Member within their uppenmost parts. Sedimentary structures are exceptionally well preserved, 
comprising symmetrical ripples, planar laminations and simple/complex burrow features. 
Symmetrical ripples have maximum wavelengths of up to 8cm and crest heights of 1cm (Figure 
3.23B). Planar laminations are very common structures within the sands, commonly occurring as 
vcr>' thinly laminated fine sands which are slightly rippled in places (Figure 3.23C). Three types of 
bioturbation structure have been identified within the fine sands. These include large, simple vertical 
structures (maximum 2cm wide, 20cm high) with a spreitcn internal structure (Figure 3.23B,C); 
large (40cm high, 20cm wide), vertical finger like structures with complex laminated fills; and 
simple horizontal tubes (5cm length, l-2mm width) with structureless fills (Figure 3.23D). The red 
colouration of the sands allows this stratigraphic unit to be traced locally over some distance within 
the northern part of the Vera Basin. The same red coloured bioturbated sands are observed to the 
west of the rubbish dump locality at Cortijo Sevillano (GR.972265) (Figure 3.24E) and within other 
localities along Barranco del Tomate. 
The fine sands were deposited within a relatively low energy marine environment dominated by wave 
action. Wave action is inferred from the presence of symmetrical ripples. The wavelength and crest 
height of these ripples produce a ripple index of 8 suggesting a wave origin rather than that of 
current or wind (Reineck & Singh, 1973; Tucker, 1982). Both the symmetr>' of ripples and grain size 
of the sediment suggest deposition occurred within an offshore area prior to waves beginning to 
shoal in uppershoreface areas. Facics distributions fi"om wave dominated modem environments (e.g. 
Clifton et ai, 1971; Reineck & Singh, 1973) show that asymmetrical ripples tend to form and 
dominate the upper shoreface and foreshore areas, formed by the unidirectional flow of shoaling 
waves. Bioturbation structures correspond to infaunal dwelling structures (large burrows) and 
infaunal feeding structures (small horizontal burrows). Both are typical of a Skolithos and Cntziana 
ichnofacies (Seilacher, 1967; Collinson & Thompson, 1989; Bromley, 1990) which commonly occur 
within the nearshore to offshore zones. 
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The red and orange colouration of these sands is significant, probably representing mineralisation of 
the sands by iron enriched groundwater. Evidence for hydrothermal activity within the Vera Basin 
during the Piio-Pleistocene has been discussed by Barragan (1994) and this could provide a source 
for the mineral enriched groundwaters. 
11) Brackish Association 
The Brackish association forms an extensive unit up to 11m thick throughout all of the Almanzora 
Member sequences overlying grey siltstones and red sands of the Open Marine association (Figure 
3.20). Typically, the brackish association is composed of highly folded laminated carbonate 
siltstones and dark grey mudstones interbedded with gypsum (Figure 3.24A). Both the siltstones and 
mudstones are characterised by an exceptionally well preserved fossil fauna (Figure 3.24B). Fossil 
remains include marine vertebrates (fish), invertebrates (squids, shrimps, crabs), plants, together 
with very rare continental invertebrates (Hymenoptera indent: R. Sendra pers. comm., 1996) and 
plants (reed and fcm leaves, mangrove flowers and coal fi"agments with plant cell structures 
preserved). Many of the fossil remains within the mudstoncs show replacement by pyrite, often 
preserving exceptionally delicate soft tissue structures from plants, fish and squids. 
The siltstones and mudstones represent deposition vvidiin an exceptionally low energy environment. 
Evidence for this is based firstly on the grain size and lamination of the sediment; and secondly, firom 
palaeontological evidence, particularly the style of preservation. To produce the laminated siltstones 
and mudstoncs deposition must have occurred fi"om suspension with very little coarse sediment input. 
Palaeontological evidence shows that fossils have both marine and continental origins. The fish, 
squids, shrimps and crabs all have a marine origin, whilst all of the plant material indicates a 
terrestrial origin or marginal marine (mangrove). Mangrove swamps are commonly associated with 
deltaic environments (Reineck & Singh, 1973; Elliot, 1986) and because of the close proximity of 
the Gilbert-type fan-delta sediments of the Vera Member are the most likely explanation for the 
occurrence of the Brackish association. 
The exceptional preservation of the fossil remains is characteristic of a Konservat Fossil-
Lagerstatten {sensu Seilacher, 1970) whereby fossilization is a result of unusual depositional 
conditions which lead to the preservation of exceptional detail such as soft parts (Allison, 1988). The 
principal controls for such preservation include anoxia, rapid burial and early diagenetic 
mineralization or concretionary growth (Seilacher, 1970). In this case the fossil remains of the 
Brackish association are preserved under both anoxic (mudstones with pyritization) and oxic 
conditions (carbonate silts). 
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mm 
Figure 3.24 - A: Deformed, laminated carbonate siltstones, mudstones and gypsum of 
the Brackish association exposed with Barranco del Tomate (Locality 5, Figure 3.22). 
Notebook height = 20cm. B: Typical examples of fossil remains from carbonated 
siltstones within the Brackish association, including fish and plant remains 
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ill) Marine-Brackish Association 
Sedimentary units of the Marine-Brackish association dominate the Almanzora Member, forming a 
sequence up to 50m thick which overiies the previously described Brackish association (Figure 
3.20). 
a) FossUiferous muds, silts and fine sands 
The fossiliferous muds silts and fine sandstones form the main sediments of the Marine-Brackish 
association. Typically these sediments are dark brown and grey in colour. They comprise massive 
units up to 2m thick of muds and silts, interbedded with well cemented, laterally persistent or 
localised concretionary beds of fine sandstone up to 0.5m thick. Much of the sediment is rich in the 
remains of small (<1 cm), thin shelled white (chalky) bivalves (possibly Tellinacea) and plant 
material. Sometimes laterally persistent laminations are evident, picked out by the remains of bivalve 
shells which came to rest on a surface. Within the upper parts of the sequences bivalve moulds, 
brachiopod (Terebratididae) shells, disarticulated remains of whales and rare fragments of 
crustaceans occur. 
The inter-bedded muds, silts and sandstones represent deposition within a low energy environment, 
again possibly within a swamp area, adjacent to where fan-delta deposition occurred. The common 
occurrence of plant material suggests a marginal marine or terrestrial environment. Al l of the 
bivalves suggest a marine origin, although it is common for swamp areas to be rich in small 
crustaceans which help to break down organic leaf matter (M.de Rcnzi, pcrs. comm., 1996). It 
appears that the succession changed firom a marginal marine, swamp environment in the lower and 
mid parts of the Marine-Brackish association into a more marine dominated environment within the 
upper parts. 
c) Oyster mudstones 
Poorly sorted oyster mudstones occur within the upper parts of the Abnanzora Member sequences. 
Generally, they form a 3m thick unit interbedded with the previously described muds, silts and 
sandstones. Locally however, a section on northern side of the road to Cuevas del Almanzora 
(GR.980270) is characterised by up to 12m of interbedded oyster mudstones and sandstones that dip 
at up to 12° towards the southwest (Figure 3.25A). Individual oyster mudstone beds are up to 2m 
thick and form a series of lensed features that can be traced laterally over several tens of metres 
(Figure 3.25A,C). Oysters within the mudstones are t>'pically large (Crassostrea gryphoides) and 
thick shelled (maximum 30cm length, 20cm width, 20cm depth) (Figure 3.25B). Most oyster shells 
are disarticulated and randomly orientated. All shells show evidence for extensive borings on all 
90 
D 
I , • n I , I, , w 
»>r in situ coral 
RevMxked coral J v s l e r Joniirviled 
Quartz pebblas J Cofal dominated 
Bioturbation Silt/sand dominated 
Figure 3.25 - A : Photo and accompany ing sketch of the oyster mudstone section on the northern side of 
[he road to Cuevas del A lmanzora (GR.980270) . Beds are nch in oyster shells which form large channeled 
geometnes. Insitu branching corals have colonised the upperparts of some of the oyster beds. Car for 
scale in bottom right of photo. B: Detail of typical disarticulated shells of Crassostrea gryphoides oysters 
The shells are extensively bored by sponges (a-arrowed) and lithophaga bivalves (b - arrowed). Lens cap 
width = 5.2cm. C: Oven/ iew of an oyster nch bed f rom the basal part of the section (Q1 in field sketch) 
Oysters are disart iculated, randomly or ientated and are supported within a mud-silt matrix. These are 
features typical of mass f lows. Beds often show an inverse grading and commonly overi ie a basal rounded 
pebble bed (a - an-owed). Hammer length = 35cm. 
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surfaces by bivalves (Lithophagd) and sponges (Figure 3.25B). Colonies of branching corals are 
sometimes observed colonising the upper surfaces of the oyster beds (Figure 3.25 A). 
The oyster mudstones are typical of cohesive debris flows, characterised by poor sorting, lack of 
internal structure and clast orientation. Occurrence of the oyster mudstones within leased features 
suggests that flows were channelised. Approximate channel orientation, derived from the dip of beds 
is towards the southwest. Crassostrea gryphoides species of oyster are commonly associated with 
modem and ancient fen-delta environments where they form reef-like colonies in proximal fan-delta 
areas or small colonies in distal fan-delta environments (Stenzel, 1971; Jimenez et a/., 1990). The 
high number of oysters within the mudflows and extensive boring o f all oyster shells suggests that 
these oysters were once part of a reef construction. Clear evidence for emplacement o f the oyster 
mudstones as a cohesive debris flow within a series of stacked channels suggests that these oyster 
banks were remobilised. The close proximity of a southwcstwards prograding Gilbcrt-t>'pe fan-delta 
to the northeast of this locality, together with a southwest-northeast channel orientation o f the debris 
flows is strong evidence to suggest that the oyster mud debris flows were sourced from the nearby 
fan-delta. 
d) Carbonate silts 
Carbonate silts represent the uppermost unit within the Marine-Brackish association. They form a 
distinct white coloured unit up to Im thick that can be traced across most of the northern basin 
region where the AJmanzora Member is exposed. Generally this carbonate unit is either massive or 
weakly laminated and contains no macrofossils. Preliminary micropalaeontological investigations 
have shown that the silts are dominated by benthic foraminifera {Ammonia beccarii: 77%, 
Haynesina germanica, Nonion depressidus and, Elphidiitm williamsoni: 23%). 
The occurrence of this foraminiferal assemblage within the carbonate horizons corresponds to 
similar modem day assemblages found within brackish water, commonly estuarine or lagoonal 
environments within only a few metres depth of water (Murray, 1991). All of these species are 
infaunal, free living herbivores which are associated with muddy sand substrates (Murray, 1991) 
suggesting that sedimentation occurred from suspension within a low energy environment. 
The carbonate horizon fomis an important marker horizon that can be traced over most of the 
northern region of the Vera Basin. Chapter 4 uses this level to calculate uplift rates during the Plio-
Pleistocene. 
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iv) Coastal Plain Association 
Sedimentary units of the Coastal Plain association occur within the uppermost parts of the 
Almanzora Member. Stratigraphically, these units overlie the Brackish and Marine Brackish 
associations and are confined to localities within the westernmost exposures of the Almanzora 
Member in sequences exposed along Barranco del Tomate (GR.973269 to GR.967274). At this 
localit}', sedimentary units o f the Coastal Plain association reach 12m in thickness and are depicted 
in two sedimentary logs (Figure 3.26). The key facies are described below in ascending stratigraphic 
order. 
a) Interbedded pebble sandstones 
Interbedded pebble sandstones comprise the lower 5m of the Coastal Plain association. They form a 
series of weakly bedded units up to Im thick that can be traced laterally over several tens of metres. 
Moderate to well sorted, the sandstones contain well rounded clasts of gravel and pebble grade. 
Fossil remains are rare, usually composed of isolated oyster shells. 
The sandstones represent deposition within a marine, nearshore zone. They are characteristic of 
pebbly sands formed within upper shoreface and foreshore beach areas where wave action results in 
pebble segregation and entrapment within beach sands (Bluck, 1967; Nemec & Steel, 1984). 
b) Yellow silts 
Yellow silts occur as two distinct horizons within the upper parts of the Coastal Plain association 
where they are interbedded with fossiliferous grey silts and sandstones (Figure 3.26). Up to Im thick, 
the yellow silt units can be traced laterally along Barranco del Tomate for several hundred metres 
forming two distinct marker horizons (Figure 3.27). The lower silt unit is massive and lacks any 
internal structure, whilst the upper silt unit contains a series of thin (I-2cm) white coloured mud 
drapes and is rich in well preserved gastropods (Melanopsis) and bivalve {Ostrea) shells. TTie upper 
silt unit grades up into the overiying green-grey mud above (Figure 3.26). 
The yellow silts were deposited under very low energy conditions. Sedimentation was continuous 
within the lower unit, whilst the white coloured mud drapes within the upper unit may correspond to 
breaks in deposition. The occurrence o f fossil remains, particularly Melanopsis gastropods within 
the upper unit is significant as these are normally only found within fi-eshwater or brackish 
conditions (C.Paul pers. comm., 1996). This suggests that the yellow silts were deposited within a 
low energy swamp or lacustrine area. 
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e) Green mud 
Located above the yellow silt units, the green mud forms another laterally persistent marker horizon 
traceable over several hundred metres along Barranco del Tomate (Figure 3 .26). Generally the green 
mud is present as a thin unit up to 0.8m thick, but locally thickens to 1.5m. Lacking any internal 
structure, the mud is rich in exceptionally well preserved gastropods {Melampus, Conns, Valvata 
and Potamides). 
The fine grain size of the green mud implies very low energy conditions for deposition. 
Palaeontological evidence suggests a marginal marine environment of deposition, probably within a 
mangrove swamp. Modem day species of Melampus are commonly found in association with 
mangrove swamps in the West Indies (C.Paul pers. comm, 1996). In contrast Conus is a fiilly 
marine species whilst Potamides is typical of fresh water environments (C.Paul pers. comm, 1996). 
The presence of both Melampus and Potamides supports a marginal marine environment. 
v) Distal Alluvial Fan Association 
The Distal Alluvial Fan Association overiies the coastal plain and Marine-Brackish associations of 
the Abnanzora Member. At the Barranco del Tomate locality, the distal alluvial fan association is 
composed of interbedded red and grey coloured siltstones and fine sandstones. Many of the beds 
show evidence for grey mottling and biogenic structures. At a locality on the southem side of the 
road to Cuevas del Almanzora (GR.980271), up to lOm of red and grey coloured siltstones and fine 
sandstones are interbedded with gypsum, gradually becoming dominated by bedded gypsum within 
the uppermost part of the sequence. These sediments correspond to deposition within a distal alluvial 
fan and playa lake environment (see Chapter 5, Section 5.3). They form part of the Salmeron 
Formation, representing the onset of continental conditions during the mid to late-Pliocene within the 
northem region of the Vera Basin. These sequences are considered in more detail within Chapter 5, 
however, they have been considered here in order to show the transition from the marginal marine 
environment of the Almanzora Member into continental conditions. 
3.5.3 Palaeoenvironment of the Almanzora Member 
Sedimentary units of the Almanzora Member represent deposition within a confined area between the 
fan-delta and shoreline deposits of the Vera Member in the northem central region of the Vera Basin. 
This is depicted clearly from a schematic cross-section (Figure 3.28) constructed from the logged 
sections of Figure 3.20. Interbedding of the Abnanzora and Vera Members shows that deposition of 
both was contemporaneous. 
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to the underlying Cuevas Formation and overlying Salmer6n Formation. 
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Initial deposition was characterised by a series of shelf muds and wave rippled sands deposited 
within an offshore shelf environment. These sediments correspond to the Basinal Facies association 
of the Cuevas Formation and show that the Vera Basin was dominated by an open marine shelf sea 
prior to the deposition of the Almanzora Member. Sediments of the Brackish association represent 
the beginnings of the Almanzora Member proper. Deposition occurred within a low energy marginal 
marine area, probably that of a mangrove swamp formed within a partially enclosed protected area 
located inbetween the fan-delta lobes. Periodic marine incursions would have brought in marine 
animals, whilst extensive mangrove vegetation would have provided the high organic matter 
characteristic o f the black mudstones. Sediments of the Brackish-Marine association represent a 
continuation of swamp conditions, with marine conditions becoming more prevalent towards the end 
of the Almanzora Member. The Coastal Plain association marks the end of the Almanzora Member. 
Depositional conditions reverted back to a swamp or a stagnating lacustrine body prior to becoming 
fully continental with the onset of deposition o f the Salmeron Formation within a distal alluvial fan 
and playa lake environment. 
3.6 PALAEOGEOGRAPHY OF T H E ESPIRITU SANTO F O R M A T I O N 
3.6.1 Palaeogeography 
A summary of the main stratigraphic and sedimentary characteristics of the Espiritu Santo 
Fomiation are presented within Table 3.2. On the basis of these characteristics, a tentative 
palaeogeographic reconstruction is made for the Vera Basin during the Pliocene (Figure 3.29). 
i) Early Espiritu Santo 
Towards the end of the Cuevas Formation and during the beginning o f the Espiritu Santo Formation, 
the Pliocene Sea occupied most of the central and northem regions of the Vera Basin. With the onset 
of the Espiritu Santo Formation proper, fan-delta and shoreline deposition occurred within central, 
northem and westem areas of the basin. 
Within central basin areas, two separate fan-delta bodies prograded over the low gradient shelf 
platform of the Pliocene Sea (Figure 3.29). Characterised by texturally mature rounded pebble 
conglomerates, these (Basinal) fan-deltas prograded across the shelf platform from east to west. The 
present day geographical setting of the Vera Basin shows that there is no landmass directly to the 
east which would have supplied sediment to the fan-deltas in the basin centre, posing a sediment 
source area problem. Volk (1966) highlighted this source area problem for the fan-delta sediments. 
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ESPDOTU SANTO FORMATION 
VERA MEMBER ALMANZORA MEMBER 
Key Sections Thickness Main Diagnostic Common Key Sections Main Facies 
Fades Macrofossils 
Basin centre fan-deltas 40 - 80m Giant cross-beds Bivalves: Open Marine Facies Interbedded massive grey silts and thin fme 
- Cerro la Peruera Rounded pebble Ostrea, SW ofCdA sandstones 
- Cabezo Colorada conglomerates Pecten Basurera (Cuevas Formation) 
- Rare bivalves, echinoids and vertebrate 
Northern margin fan-delta 30-50m Giant cross-beds Bivalves: remains. 
- EI Calguerfn Angular boulder Ostrea 
- Rambia Cirera conglomerates Brackish Facies Laminated mudstones & siltstones 
Barranco del Tomaie (Espiritu Santo Formation) 
Northern shoreline 10m Cross-bedded Bivalves: - Common plant and vertebrate remains 
- Rambia del Toyo rounded pebble sands Ostrea, ->Konservat Fossil-Lagerstatte 
- Rambia Cirera Pecten 
Echinoids: 
Clypeaster Marine-Brackish 
Facies 
Western shoreline 5- lOm Interedded sands and Bivalves: 
- Rambia de la Galvilla boulder Ostrea Road to Cuevas del Interbedded brown silts and sandstones 
-Canada de don Luis conglomerates Alamanzora (CdA) - Common bivalves, rare vertebrate remains 
Coastal Plain Interbedded siltstones & sandstones 
Barranco del Tomate - Freshwater-brackish-marine bivalves 
Distal Alluvial Fan Red siltstones & gypsum 
Association (Salmer6n Formation) 
a" 
I 
a' 
Table 3:2 - Summary characteristics of the Espiritu Santo Formation (Vera and Almanzora Members). 
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Weijermars (1987) during his kinematic study o f the Palomares fault zone, suggests that 
considerable unsteady strike-slip movement along this fault throughout the Mio-Pliocene may have 
been responsible for the changes in palaeogeography initially observed by Volk (1966). The 
palaeogeographic model presented within this study (Figure 3.29) incorporates irregular movement 
along Palomares fault zone of a structurally detached landmass which partially enclosed the Vera 
Basin. Such a model can be used to explain the westwards progradation of the fan-delta bodies 
within the basin centre, the occurrence of two separate fan-delta bodies within the basin centre and 
finally provides the partially enclosed marine or lake conditions necessary for the formation of 
Gilbert-type fan-deltas. These aspects are discussed in more detail in section 3.6.2 
Along the northern basin margin a single small fan-delta prograded southwestwards, composed of 
texturally immature sediment sourced locally from the Sierra Almagra. Contemporaneous with fan-
delta deposition, a scries of shorelines developed along the northern and western basin margins, 
composed of texturally mature sediments similar in composition to the fan-deltas from the basin 
centre. This textural maturity of the shoreline sediments may suggest that sediment was initially 
derived from the early development of the fan-delta bodies. Although it is common for sediment 
within high energy wave dominated shorelines to become well rounded. Examples of this arc clearly 
illustrated from the Pleistocene shoreline sequences considered in this study (Chapter 7). 
ii) M i d Espiritu Santo 
In northern-central areas of the basin, interaction between the fan-deltas from the basin centre and 
basin margin lead to the development of a partially enclosed area in which swamp conditions 
developed (Almanzora Member). Partial enclosure of the northern basin region resulted in the 
marginal shoreline sequences (Vera Member) becoming abandoned, probably on the western margins 
first and lastly along the northern margins. 
iii) Late Espiritu Santo 
Towards the end of the Espiritu Santo Fonnation, deposition was confined to the northem-central 
region. Sedimentation fluctuated between marine and swamp environments (Marine-Brackish and 
Coastal Plain associations). A final marine incursion occurred at the end o f the Espiritu Santo 
Formation, marked by a white carbonate horizon in most localities (Marine-Brackish association and 
locally as a lacustrine/swamp area (Coastal Plain association). Deposition o f the Espiritu Santo 
Formation ended by emergence and establishment of continental conditions of the Salmeron 
Formation. 
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Figure 3.29 - Changing Pliocene palaeogeography of the Vera Basin. 
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3.6.2 Depositional controls during the Pliocene 
i) Sequence scale 
Within ancient sedimentary sequences coarsening and fining trends within sedimentary successions 
can be explained in terms of autocyclic and allocyclic factors (Beerbouwer, 1964). Autocyclic 
factors are short lived features which are intrinsic to depositional systems and include sedimentary 
processes such as channel meandering, channel avulsion, subaqueous sediment gravity flows which 
lend to be reflected on smaller sequence scales (0-lOm) (Heward, 1978; Miall , 1984). Allocyclic 
factors are extrinsic to the depositional system and include climate, eustacy and tectonics. These 
factors tend to occur over much longer time periods and are normally reflected within larger meso-
sequence (10-50m) and mega-sequence (50-100's m) scales (Heward, 1978; Miall, 1984). 
Pliocene sedimentary successions within the central and northern region of the Vera Basin show an 
overall coarsening upwards trend on a mega-sequence scale, passing from the siltstones and fine 
sandstones of the Cuevas Formation up into coarser sandstones and conglomerates of the Espiritu 
Santo Formation. The coarsening upwards reflects the progradation of the Gilbert-t>TDe fan-deltas of 
the Vera Member and corresponds to the major palaeogeographic changes which affected the Vera 
Basin during the Pliocene. 
ii) Depositional controls 
The coarsening megasequence identified within the Pliocene sediments of the Vera Basin is more 
likely to reflect longer term changes in system behaviour and therefore considered in terms of 
possible allocyclic controls on deposition (climate, sea-level, tectonics). 
a) Climate 
Climatic conditions during the Cuevas and Espiritu Santo Formation times appears to have been 
warm and humid, possibly sub-tropical in nature. Evidence for this is derived fi-om foraminiferal 
evidence from the Cuevas Formation (Section 3.2) and fi-om palacontological remains from the 
Espiritu Santo Formation (Sections 3.4.3 & 3.5.2). According to Blasco et al. (1996) mangroves are 
specific to modem tropical or sub-tropical environments and therefore any evidence for mangroves 
within the Pliocene sediments of the Vera Basin would suggest a sub-tropical climate. 
Climate can affect the rates o f sediment supply and the transport processes that are operative on a 
developing system (Heward, 1978). Both of these factors are dependant upon the amount of effective 
rainfall that is generated. Within sub-tropical climates rainfall tends to be high, generating high rates 
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of weathering and efficient removal o f sediment. Climate therefore could be significant in supplying 
large volumes of sediment to the fen-delta bodies. However, a change in climate would be needed to 
increase sediment supply for the development of the Espiritu Santo Formation fan-deltas. Because 
the localised Pliocene climate appears to have remained constant within the Vera Basin, climatic 
controls do not appear to have a major bearing on the coarsening upwards megasequence. Climatic 
controls also do not explain the palaeogcographic changes that must have occurred for sediment to 
supply the fan-deltas from an eastern basin margin. 
b) Sea-level 
Sea-level change is reflected initially during the early stages of the Cuevas Formation when a rise in 
global sea level following the Messinian evaporitic episode resulted in flooding of the Vera Basin. A 
change in sea-level, particularly within marine environments controls the space available for 
sedimentation. According to Vail et aL, (1977) relative sea-level has been falling since the late 
Miocene-early Pliocene sea-level rise. No significant sea-level fluctuations occurred during the 
Pliocene which could be used to explain the coarsening upwards megasequence and the change in 
palaeogeography of the Vera Basin. 
c) Tectonics 
Given the tectonic setting of the Vera Basin during the Pliocene as highlighted by Weijermars (1987) 
it is most likely that strike-slip movement along the Palomares fault zone has ultimately controlled 
fan-delta development and the changing basin paleogeography during the Pliocene. 
As previously stated there are problems regarding the potential source area and palaeocurrent 
directions from the two fan-delta bodies located within the centre of the Vera Basin. The fan-delta 
bodies indicate a westwards progradation from the eastern basin margin. Examination of the present 
day topographic and geologic setting of the Vera Basin shows that there is no modem landmass to 
the east from which sediment could be supplied to a prograding delta front. The nearest landmass 
which could have acted as a source area for the fan-deltas is either the Sierra Cabrera to the south or 
Sierra Almagrera to the north. The occurrence of the north-south orientated Palomares Fault zone 
along this eastern margin may provide tectonic evidence for changing the palaeogeography of the 
Vera Basin during the deposition o f the Espiritu Santo Formation. Indeed, many examples from 
ancient sedimentary successions have been presented whereby tectonic activity, particularly within 
strike-slip settings, has reorganised sedimentary basins in such a way that is conducive to fan-delta 
development (e.g. Colella, 1988; Gawthorpe & Colella, 1990). 
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Problems also arise with the sheer size of the fan-delta bodies. Exposures of the two basinal fan delta 
bodies imply an approximate fan-delta surface area of 4.5km^ and minimum volume of 1.8km^ of 
sediment per fan-delta body. The distance from the distal most portion of the fan-delta bodies to the 
Palomares Fault Zone (the proposed eastern basin margin fault during Espiritu Santo Formation 
times) is between 8-10km. This would produce a minimum value of 15km^ area and 60km^ volume 
of sediment per fan delta. Because a relationship exists between fan area and catchment area (e.g. 
Harvey, 1989) the calculations for the Espiritu Santo Formation fan-delta bodies suggest that the 
catchment area feeding the fan-deltas was probably much greater than lOkm^. This value suggests 
that the hinterland defining the eastern margin of the Vera Basin was large. The only way to generate 
such a large catchment area would be for the Sierra Almagrera to be moved by strike-slip movement. 
The Palomares Fault zone is characterised by a sinistral (left lateral) movement and forms a 40km 
wide, 80km long and 30km deep shear zone (Weijermars, 1987). A kinematic study of the Palomares 
fault zone by Weijermars (1987) proposed that an active period of strike-slip movement during the 
Neogene saw the detachment of part of the Sierra Cabrera and movement of it northwards where it 
now forms the Sierra Almagrera. I f this hypothesis is correct then the Vera Basin would have 
become partially enclosed at some point during this movement and a landmass would have been 
present to act as a sediment source for the basinal fan-deltas. 
Strike-slip movement of the Palomarcs Fault is suggested to have begun in the early-mid Miocene 
(Weijermars, 1987). Evidence for this is derived from the change of strike of Tortonian and 
Messinian sediments which outcrop in the Sorbas and Vera Basins along the northern margin of the 
Sierra Alhamilla/Cabrera. In the Sorbas Basin these sediments strike E-W but in the Vera Basin 
moving closer to the Palomares fault the strike rotates by 20° to N 7 0 ^ (Rondeel, 1965; Weijermars, 
1987). To the north of the Vera Basin an imbricated sedimentary basin located between the Sierras 
de la Almenara and Sierra Almagrera may possibly have been the westward extension of the Sorbas 
and Vera Basins prior to movement of the Palomares fault (Weijermars, 1987). 
Although movement by the Palomares fault zone seems a plausible model for the enclosure and 
subsequent fan-delta evolution within the Vera Basin an alternative deflection model can be 
proposed. This model is based upon the occurrence of Espiritu Santo Formation age fan-delta 
conglomerates within the Pulpi Corridor, to the north of the Vera Basin. Palaeocurrent directions 
from fan-delta deposits within the Pupli Corridor show a southwards progradation towards the Vera 
Basin (Veeken, 1983). I f the basinal fan-deltas in the Vera Basin represent the distal parts of fan-
deltas from the Pulpi Corridor then the principal progradation direction would have to be rotated by 
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90° to the west. The rotation could be accounted for by deflecting the prograding fan-delta off the 
Sierra Almagrera. Such a model would encompass some strike-slip movement o f the Palomares fault 
and movement northwards of the Sierra Almagrera. This scenario could also explain the textural 
maturity of the basinal fan-delta conglomerates whereby providing both distance and time to 
extensively rework sediments as well as a significantly large catchment area in which the large 
volumes of sediment could be generated. 
There are many problems with this alternative model. The basinal fan-delta conglomerates in the 
Vera Basin show only an east to west transport direction. There is no evidence fi-om the eastern most 
outcrops (El Hacho and Lomo los Zorzos) to suggest a rotational change in palaeocurrent direction. 
The principal outcrops firom fan-delta deposits in the Pulpi Corridor are found on the northern 
margins, sourced ft"om the Sierra Enmedio (Veeken, 1983). The Sierra Enmedio are characterised by 
metamorphic carbonate units belonging to the External Zone of the Betic Cordilleras (Simon, 1963). 
Preliminary provenance data ft-dm clast counts and petrographic analysis of the Vera Basin fan-
deltas indicates a dominance of quartz with subordinate amounts of meta-carbonate. These 
lithologies are more characteristic of reworked Neogene sediments and those derived fi-om the 
metamorphic basement of the Internal Zone. The deflection model also does not explain the partial 
enclosure of the Vera Basin. I f the Sierra Almagrera were moved only a small distance or remained 
in their present position then the Vera Basin would have remained completely open to the ancestral 
Mediterranean sea to the south, therefore not providing the enclosed conditions required for the 
formation of a Gilbert-type fan-delta. 
3.6.3 Synthesis and Summary 
Synthesis of the stratigraphical, sedimentological, palaeontological and tectonic aspects of the 
Espiritu Santo Formation allow a depositional model to be formulated. These are summarised as a 
series of points below. 
1. Irregular strike-slip movement occurred along the Palomares fault during the late 
Miocene and throughout the Pliocene. 
2. Open marine shelf conditions and direct linkage widi the ancestral Mediterranean Sea 
existed during deposition o f the early-mid Pliocene Cuevas Formation. 
3. During the mid-late Pliocene the Vera Basin became partially enclosed by irregular 
northwards movement of a structurally detached landmass (the Sierra Almagrera) along 
the Palomares Fault zone. The initial development of the Espiritu Santo Formation 
basinal fan-deltas were recorded by a coarsening upwards within basin megasequences. 
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Early fan-delta deposits were possibly reworked into shoreline sequences along the 
northern and western basin margins. 
Partial enclosure of the northern region of the Vera Basin resulted in the progradation of 
a second fan-delta lobe within the basin centre in a more northerly position. Another fan-
delta prograded southwards from the northern basin margins (the Sierra AJmagra). 
Interaction between the fan-deltas within the basin centre and from the northern basin 
margin to produced a small, partially enclosed area in which brackish-marine sediments 
of the Almanzora Member were deposited. 
A combination of falling sea-level and regional uplift lead to fan-delta abandonment and 
the establishment of continental conditions (Salmeron Formation). Coalescing alluvial 
fans sourced fr^om the Sierra Almagra prograded into the Vera Basin over the former 
Vera Member Northem Margin fan-delta sequences, the Vera Member shorelines and 
the Almanzora Member brackish-marine sequences. 
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Chapter 4 
Flio-Pleistocene Deformation 
4.1 INTRODUCTION 
This chapter examines the nature of the deformation which has affected the Vera Basin during the 
Plio/PIeistoccne. The deformation is examined in terms of: 
i) Style and distribution of folding and faulting during the Pliocene, early Pleistocene and 
mid to late Pleistocene. 
ii) Uplift rates during the late Pliocene 
iii) Total differential uplift of the Vera Basin during the late Pliocene/Pleistocene. 
This deformation is then placed into a regional context and an attempt is made to identify the strain 
that is affecting the basin during the Plio-Pleistocene. The time span of the deformation 
approximately five million years. Because dating is inaccurate for the different stratigraphic units 
during the Pliocene and Pleistocene, all time periods and the stratigraphic sub-divisions referred to 
within the text are relative. 
4.2 R E G I O N A L S T R U C T U R A L S E T T I N G 
Sedimentary basins within the Internal Zone of the Betic Cordilleras have been the focus of 
numerous tectonic studies, both regional (e.g. Bousquet & Philip, 1976; Bousquet, 1977; Bousquet, 
1979; Bousquet, 1986; Bocaletti et al., 1987; Hall, 1983; Montenat et al., 1987; Weijermars et ai, 
1985; Sanz de Galdeano, 1990) and basin specific (e.g. Bousquet et al., 1975, Alvado, 1985; 
Mather, 1991; Boorsma, 1992; Mather & Westhead, 1993; Stapel et al., 1996). Many of these 
studies utilise a combination of structural, stratigraphical and sedimentological studies in order to 
infer the d>Tiamic evolution of the basins. 
In terms of the Vera Basin, the regional tectonic regime is ultimately derived fi-om the oblique 
interaction between the Iberian and African plates during the Oligo-Miocene (Weijermars et al., 
1985; Sanz de Galdeano, 1990; Weijermars, 1991). Most workers agree that the Vera Basin lies 
within a region affected by a general NNW-SSE to N-S compressionaJ regime fi-om the late Miocene 
onwards (Hall, 1983; Montenat et a/., 1987; Boccaletti et al., 1987; Coppier et al., 1989). Detailed 
research by some of these workers has identified several phases o f dominant compression and 
extension within the Vera Basin and other basins from the late Miocene through to the Pleistocene. 
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As part of a regional tectonic study of the eastern Betic region, Bousquet (1977; 1979) identified a 
phase of N-S extension during the late Miocene, an E-W phase of extension during the Pliocene and 
a N-S to NNW-SSE phase of compression during the Pleistocene. These conclusions were based 
upon the preliminary results of readings taken from normal faults, unconformities and strike-slip 
faults of the Alboran fault system (Trans-Alboran shear zone). Bousquet (1979) suggested that a 
new geodynamic regime began at some point in the Pliocene. In contrast. Hall (1983) examined the 
Vera Basin as part of a regional tectonic study within the Betics. He identified a phase of N-S 
compression during the late Miocene, E-W extension in south-central basin areas and N-S extension 
m northem basin areas during the eariy to mid Pliocene, and N-S compression during the 
Pleistocene. As part of a regional study Montenat et at., (1987) identified a NW-SE compression 
changing to N-S during the late Miocene, N-S compression during the Pliocene and NNW-SSE 
compression during the Pleistocene. Many of these phases of deformation contradict each other and 
therefore highlight the tectonic complexity of the region from the late Miocene through to the 
Pleistocene. However, most authors appear to agree on a N-S to NNW-SSE compressional phase 
during die Pleistocene. 
Within the Vera Basin, these deformational trends are expressed by a series of spatially variable 
extensional (normal) faulting, compressional (reverse) and strike-slip (wrench) faulting, tilting and 
folding. Strike-slip faulting is characterised by the Palomares fault zone, a NNE-SSW orientated, 
left lateral shear zone first identified by Volk (1967a) and named by Bousquet and Phillip (1976). 
The fault fomis part of the Trans-Alboran shear zone which passes from Alicante to the northeast 
and into Morocco and Nordi Africa to the southwest (Larouziere et o/, 1988). 
The Vera Basin is still undergoing epeirogenic uplift in response to crustal thickening following 
nappe emplacement in the Oligocene (Piatt, 1982; Weijermars et al., 1985) and by ongoing regional 
compression from the interaction of the Iberian and African plates (Larouziere et al., 1988; Keller et 
1995). Evidence for ongoing deformation of the Vera Basin during modem times is limited to 
small earthquakes and tremors associated with movement of the Palomares fault zone. In 1518 the 
town of Vera was reported to have been destroyed by a large earthquake and more recently, 
significant earthquakes have been recorded near Vera in 1930, Cuevas del Almanzora in 1945, 1956 
Onstituto Geografico Nacional, 1982) by Palomares in 1976 (Hall, 1983), as well as mild earth 
tremors felt by the author himself during the 1994 to 1996 period. 
107 
Chapter 4: Plio-PIeistocene Deformation 
4.3 P L I O C E N E D E F O R M A T I O N 
4.3.1 Style and distribution 
This section briefly considers structural activity within the Vera Basin during deposition of the 
Cuevas and Espiritu Santo Formations in the Pliocene. Structural activity during this time period 
appears to be concentrated along the eastern basin margin and is associated with unsteady left lateral 
movement along the Palomares fault zone. The main evidence for deformation is derived from 
faulted Neogene sediments within the Garrucha region and from Pliocene sedimentary sequences 
deposited during the eariy and mid-late Pliocene. 
I) The Palomares Fault Zone 
The main indication for structural activity within the Vera Basin during the Pliocene is derived from 
the Palomares fault zone. Defining the eastern margin of the Vera Basin, the Palomares fault is 
orientated NNE-SSW and is characterised by a left-lateral strike-slip movement (Bousquet et al.^ 
1975) (Figure 4.1). Evidence for strike-slip movement during the Pliocene is derived from the 
gradual change in strike of the Sierra Cabrera and late Miocene sediments in the south of the Vera 
Basin which appear to be dragged into the feult zone. For example, the strike of Tortonian and 
Messinian sediments gradually rotate over 20° fi-om E-W in the Sorbas Basin through to N70° in the 
Vera Basin (Rondeel, 1965; Wcijermars, 1987). Changes in dip are also observed within Messinian 
Azagador Member (Turre Formation) sediments reaching a near vertical position southeast of Turre 
village and west of Mojacar old town (GR.998I09) (Rondeel, 1965;V6lk, 1967a; Weijcrmars, 
1987). 
Direct evidence for movement of the Palomares fault zone has been found near to the villages of Las 
Herrerias (GR.071257) and Garrucha (GR.038I53) where studies by Hall (1983), Alvado (1986), 
Monlenat et. aL, (1987) and Ott d*Estevou et al (1991) have recorded the existence of complex 
fault systems with both extensional and strike-slip components. An E-W cross-section based on 
research by Montenat et al. (1990) through the southern part of the Vera Basin fi-om Bedar to 
Garrucha shows the complexity of the Palomares fault zone (Figure 4. IB). 
ii) Olistostrome deposits 
Early Pliocene evidence for structural activity along the Palomares fault zone is derived from 
olistostrome deposits which occur within the Garrucha and Cerro Coscojar regions, exposed along 
and near to the Palomares fault zone. Stratigraphically, the olistostrome deposits overlie late 
Miocene pelagic marls of the Abad Member (Turre Formation) and are interbedded within early 
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Figure 4,1 - A: Modern day position of the Palomares Fault within the Vera 
Basin (modified from IGME 1:200 000). B: East-west schematic 
cross-section from the Sien-a de B6dar to Garmcha town (see A: for line of 
section). The Palomares fault zone is cleariy identified as a broad faulted 
zone in which Neogene sediments have been highly deformed (cross-section 
re-drawn from Montenat etal, 1990). 
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Pliocene shelf sediments of the Cuevas Formation. Poorly sorted, the olistostrome deposits contain 
large blocks of Messinian and older material, including blocks of gypsum (alabaster not selenitic). 
At Garrucha (Raja de Ortega, GR.028152) the olistostrome deposits are arranged in channels and 
indicate a transport direction towards the east and are interpreted as the product o f late Messinian 
submarine erosive episodes (Fortuin et al., 1995). Further to the west at Cerro Coscojar 
(GR.986173) similar deposits are found with a westerly transport direction suggesting a movement 
from a significant topography that existed along the eastern basin margin in the region of the 
Palomares Fault (Montenat, 1974; Montenat ei al., 1976; Barragan, 1986). In both cases these 
olistostrome deposits are thought to represent large submarine slides which are related to both 
movement along the Palomares and by erosion during the late Messinian (Montenat, 1974; Montenat 
etal., 1976; Hall, 1983; Barragan, 1986; Alvado, 1986; Ott d'Estevou et al., 1991, Fortuin et al., 
1995). 
iii) Fan-delta deposits 
The main evidence for structural activity along the Palomares fault zone during the early to mid 
Pliocene is derived from fan-delta deposits of the Vera Member (Espiritu Santo Formation) exposed 
within the central parts of the Vera Basin. These deposits were considered within Chapter 3 (section 
3.4.2) where questions were raised about the provenance of the fan-deltas and how low energy 
conditions under which a series of Gilbert-type fan-delta deposits could be formed. The fan-delta 
deposits indicate a transport direction from east to west which suggests the presence of a significant 
landmass in the east of the basin to supply sediment to the fan-deltas. Gilbert-type fan-deltas tend 
only to form in low energy, sheltered environments such as protected marine embayments or lakes 
suggesting that the Vera Basin was partially enclosed during the early to mid Pliocene. A model was 
proposed in which unsteady movement along the Palomares fault zone partially enclosed the Vera 
Basin to the east, thus providing a landmass to supply sediment to the fan-deltas and providing a 
protected marine embayment conducive for the development of Gilbert-type fan-deltas. 
4.3.2 Interpretation 
During the Pliocene structural activity within the Vera Basin was concentrated along the eastern 
basin margin, characterised by an irregular movement of the Palomares fault zone. Early Pliocene 
sedimentary evidence suggests that the Vera Basin was still an open marine environment but the 
presence of olistostromes indicates that the Palomares fault zone was active causing seismic events 
which in part triggered some submarine slides. Mid to late Pliocene fan-deltas o f the Espiritu Santo 
Formation reflect a sudden increase in structural activit>' and movement by the Palomares fault zone 
in order to partially enclose the Vera Basin. This irregular strike-slip fault movement was highlighted 
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by Weijermars (1987) who calculated a minimum of 14km of movement over 7 Ma (Tortonian to 
present day), providing a displacement rate of only 0.02cm a ", which is low when compared to the 
movement of modem strike-slip faults, for example the San Andreas fault which displaces at 5.5 cm 
a' (Turcottc & Schubert, 1982: p lOl) . Further evidence for irregular strike-slip movements along 
the Palomares fault zone was provided by Boorsma (1992) during his examination of the Cerro 
Blanco sub-basin of the Nijar-Carboneras Basin. He calculated 2 km of lateral displacement along 
part of the Nijar-Carboneras fault system (southwards extension of the Palomares fault zone) during 
the middle Pliocene, the same time at which the Vera Basin is thought to have become partially 
enclosed. 
A lack of Pliocene sediments along the southem margins of the Vera Basin, defined by the Sierra 
Cabrera, provides no data for evidence of structural activit>'. However, studies from the adjacent 
Sorbas Basin (Wcijermars et ai, 1985; Mather, 1991; Mather & Westhead, 1993) have inferred 
high uplift rates in excess of 160m Ma"' for the Sierra Cabrera-Alhamilla (Mather, 1991), with 
evidence derived fi-om Messinian reefs (Weijermars et al., 1985) and deformed early to mid Pliocene 
sediments of the Zorreras and Gochar Formations (Mather, 1991; Mather & Westhead, 1993). This 
may suggest similarly high uplift rates for the eastern most part of the Aihamilla-Cabrera in the 
southem part of the Vera Basin. Aldiough mid to late Pliocene sediments of the Cucvas and Espiritu 
Santo Formations are exposed along the northem and western margins of the Vera Basin they do not 
appear to have been affected by any structural activity during this time period. This suggests that 
these basin margins were probably relatively tectonically quiescent. 
4.4 E A R L Y P L E I S T O C E N E D E F O R M A T I O N 
4.4.1 Style and distribution 
Towards the end of the Pliocene, structural activity within the Vera Basin remained relatively high, 
focused along the eastem basin margin related to an ongoing, but irregular movement of the 
Palomares fault zone. This ongoing strike-slip fault movement represents the final stages of 
palaeogeographic reorganisation, with the Vera Basin taking on a similar palaeogeography to that 
seen today. 
At some point during the early Pleistocene a basin wide deformational phase can be identified. The 
deformation is characterised by large-scale normal faulting, rotation and tilting o f Pliocene and early 
Pleistocene sediments of the Cuevas, Espiritu Santo and Salmeron Formations together with early 
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Figure 4,2 - Distribution of the main early Pleistocene faults within the northem and 
westem regions of the Vera Basin. 
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1. Rambia Cirera region 
2. Road to cuevas del Almanzora 
3. Barranco del Tomate region 
4. Cabezo Colorado region 
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Figure 4.3 - Principal localities of deformation along the northern margin of the Vera 
Basin as referred to within the text, (maps modified from IGME 1:200 000 and Vera 
1:50 000 topographic sheet). 
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Pleistocene braided river deposits. Evidence for this deformation is confined to the northern and 
western regions of the Vera Basin (Figure 4.2). 
4.4.2 Northern Basin Margin 
Along the northern basin margin Pliocene and early Pleistocene sediments arc affected by a series of 
norniai faults. These faults are described below using a series of key localities (Figure 4.3): 
i) Rambia Cirera region 
ii) Road to Cuevas del Almanzora 
iii) Barranco del Tomate 
iv) Cabezo Colorado 
i) Rambia Cirera Region 
Within the region of Rambia Cirera, shallow marine, fan-delta and alluvial fan sediments of the 
Cuevas, Espiritu Santo and Salmeron Formations show extensive evidence of an early Pleistocene 
deformation phase. The deformation is characterised by a series of normal faults and associated 
rotated beds. 
a) Cuevas Formation 
The principal exposures of the Cuevas Fomiation are located at Baiios de los Cocones 
(GR.978302), to the cast of Rambia Cirera and within the upstream region of Rambia Circra itself 
(Figure 4.3). 
At Baiios de los Cocones (GR.978302) grey coloured coarse sandstones and gravel conglomerates of 
the Cuevas Formation Marginal Facics association occur within several metres of the basin margins. 
Deformation is characterised by conjugate sets of small scale (metres) non-displacive fi-actures, 
orientated beUveen WNW-ESE and NNW-SSE (Figure 4.4A). 
Within the upstream reaches of Rambia Cirera (GR.978263) yellow sandstones of the Cuevas 
Formation Marginal Facies are located directly over or within several hundred metres of the northern 
basin margin fault. At the basin margin, coarse sandstones directly overlie metamorphic schists of 
the Ballabona Unit. The contact behveen the two is characterised by a low angle (10*^ zone of 
deformation, orientated E-W (Figure 4.4B). In contrast, 100m downstream, Cucvas Fomiation 
Marginal Facies sandstones are characterised by high angle (50-70^, large scale (10*sm), non-
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Figure 4.4 - A: Conjugate joint sets within Cuevas Formation coarse 
sandstones located at Bancs de Cocones (GR.978302) on the northern 
basin margin. Hammer length = 35cm. The acompanying rose diagram 
shows the WNW-ESE to NNW-SSE orientation of the fractures. These 
orientations indicate an overall NW compressive force and approximate 
NE-SW extension. B: Low angle basin margin fault exposed within 
Rambia Cirera at GR.975285. Cuevas Formation sandstones (b) overlie 
basement mica-schists of the Ballabona Unit (a), separated by a 
deformed zone (C). 3cm = 1m. C: High angle fracture sets developed 
into Cuevas Formation sandstones 100 m downstream from locality B. 
Cliff = 10m high. 
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displacive fractures, commonly infilled with fibrous gypsum (Figure 4.4C). Fracture planes are 
orientated NW-SE. 
b) Espiritu Santo Fm 
The Espiritu Santo Formation is exposed within the downstream reaches of Rambla Cirera. On the 
eastern side of Rambla Cirera shoreline and fan-delta sediments of the Vera Member affected by a 
series of high angle fault planes (40-70**) orientated between NW-SE and NNW-SSE (Figure 
4.5A,B). These faults are seen to pass up into the overlying Salmeron Formation. It is possible that 
these faults planes are conjugate due to the cross cutting relationship they have with each other. 
Displacement by the faults is clear although the amount of throw cannot be calculated accurately due 
to the generally poor consolidation of Espiritu Santo Formation sediments. 
c) Salmerdn Formation 
Distal alluvial fan sediments of the Salmeron Formation form extensive exposures within the 
downstream reaches of Rambla Cirera. These sediments are highly deformed, characterised by a 
series of normal faults and associated rotated beds located within a broad zone of deformation 
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Figure 4.5 - A: Photo of faulted cross-bedded marine sandstones and alluvial fan 
siltstones and conglomerates of the Espiritu Santo and Salmerbn Fomiations, 
downstream reaches of rambla Cirera, eastern side. B: Complimentary field 
sketch. The faults are conjugate. Field of view = 8m. C : Small nonnal lault within 
alluvial fan sandstones and conglomerates of the Salmer6n Formation. Note how 
the laminated sandstones have been dragged into the fault plane. Pencil lenqth = 
14cm. ^ 
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Salmerdn Fm - alluvial fan sediments 
Espiritu Santo Formation - fan-delta sediments 
Cuevas Formation - shoreline sediments 0 10 20 30m 
Ballabona Unit - basement 
Figure 4.6 - Detailed deformation map of the downstream reaches of Rambla Cirera. 
The main stratlgraphic units, the dip and strike of beds and principal faults are Identified. 
The main Rambla Cirera itself appears to have exploited a NW-SE orientated fault plane. 
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approximately 300m wide (Figure 4.6). Although highly complex, the zone o f deformation appears 
to be related to a single large fault plane described in the Road to Cuevas del Almanzora locality. 
On the northeastern side of Rambia Cirera, alluvial fan sediments have been rotated against a normal 
fault, orientated NW-SE (Figure 4.5C). Although the main fault plane is not exposed, small scale 
structures adjacent to the main fault plane show the development of NW-SE and NE-SW orientated 
conjugate faults with displacements of only 15 cm with sandstone laminations that have clearly been 
dragged into the fault plane (Figure 4.D). 
Opposite the rotated section on the southwestern side of the rambia, distal alluvial fan (Salmeron 
Formation) and coastal plain (Espiritu Santo Formation) sediments are affected by a single low angle 
fault (27°) orientated NNE-SSW. Detail from this main fauh plane shows a deformation zone 
characterised by clays and gravels which have been folded and faulted by movement along the fault 
plane (Figure 4.E). 
b) Road to Cuevas del Almanzora 
A single large scale fault, with a minimum throw of 60m is identified at this locality (Figure 4.3). 
Exposures on the northern side of the road to Cuevas del Almanzora, within an un-named rambia 
show Salmeron Formation sediments down-thrown against Cuevas Formation sandstones (Figure 
4.7) . On the southern side of the road to Cuevas del Almanzora, the same fault can be observed in a 
cliff section where distal alluvial fan and lacustrine sediments of the Salmeron Formation are down 
faulted eastwards against Cuevas Formation sandstones (see Chapter 5, Figure 5.12). 
iii) Barranco del Tomate 
Sedimentary units of the Espiritu Santo and Salmeron Fonmations arc affected by a series of normal 
faults within the lower and upper reaches o f the Barranco del Tomate region. 
a) Espiritu Santo Formation 
An abandoned road section adjacent to the lower reaches of Barranco del Tomate displays a series of 
normal faults with varying degrees of displacement, ranging from < l m to >10m of throw (Figure 
4.8) . Sediments correspond to the Marine-Brackish and Coastal Plain facies associations of the 
Almanzora Member (Espiritu Santo Formation) which comprise a series o f distinct laterally 
persistent beds which can be easily correlated (see Chapter 3, section 3.5.2). The correlative nature 
of these beds together with excellent exposure on both sides of the abandoned road cutting enables 
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Figure 4.7 - Single, large-scale nonmal 
fault exposed along an un-named rambla 
inthe El Alto region (GR.980272). A 
Poorty exposec fault plane at the southern 
end of the Rambla (GR.978275). Red 
continetal sediments of the Salmer6n 
Fonnation are downfaulted by at least 60m 
against grey marine sediments of the 
Cuevas Formation. Person (arrowed) 
1.63m. B: Steeply dipping Salmer6n 
Formation sediments downfaulted against 
Cuevas Formation at a more northerly 
locality. (GR.978278). C: Detail of the 
steeply dipping fault plane 
\ A ^ B 
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320/41 314/40 
Salmerdn '^'^  * sandstones 
Forniation Unexposed I Grey muds with oysters 
Espiritu Sandstones 
Santo ^ 
Formation [_J Pebbly sandstones 
^ Rounded pebble conglomerates 
Figure 4.8 - Early Pleistocene faults exposed within an abandoned 
road section at the southem, downstream end of Barranco del 
Tomate (GR.972268). A: High angle. NW-SE oriented nonnal fault 
(fault 1) affecting Salmerdn honnation and uppermost coastal plain 
sediments of the Espiritu Santo Formation. Fault throw is 4m. 
Notebook height = 20cm. B: Less steeply dipping normal faults 
affecting Salmerbn and Espiritu Santo Fonmations (fault 2). Throw is 
5m. C: Balanced cross-section from the abandoned road. 
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for accurate reconstruction of fault throw and fault plane orientations over a 50m east-west 
orientated section (Figure 4.8C).Faulting appears to be confined to the upper stratigraphic units of 
the Almanzora Member, with several of the fault planes passing up into continental sedimentary 
units of the Salmeron Formation (Figure 4.8A,B). These fault planes are all orientated between NW-
SE and NNW-SSE, dipping either towards the northeast or southwest, suggesting that faults occur 
as a series of conjugate sets. Faults which dip towards the southwest are characterised by high 
angled fault planes (60-70^, with generally small displacements of up to 2.5m. In contrast, faults 
dipping towards the northeast are characterised by lower angle fault planes (40°) but with much 
greater throws (10m+). Fault planes commonly comprise a broad faulted zone up to 3 m wide, which 
is either brecciated or consists of similarly orientated fault planes with small offsets (< 1.5m). 
b) Salmer6n Formation 
Within the upstream reaches of Barranco del Tomate, alluvial fan sediments of the Salmeron 
Formation display a series of small-scale faults. On average, fault planes are orientated NW-SE, 
dipping steeply between 50-70°. Faults occur as either conjugate sets, or singular forms. An example 
of a conjugate fault set exposed within Barranco del Tomate (GR.963287) is presented within Figure 
4.9. 
The section is characterised by a single large fault plane with a displacement o f approximately three 
metres. The main fault plane comprises a 0.5m wide brecciated zone, in which conglomerate clasts 
have been dragged into the fault plane and orientated parallel to it. A series o f similarly orientated 
minor fault planes occur adjacent to the main one, depicted by small displacements of 1.1m and 
small brecciated / fractured zones of deformation up to 0.2 m wide. Detail from the lower part of the 
section shows clearly the response of different lithologics to the faulting (Figure 4.9C) whereby 
clasts from the conglomerate units are dragged into the fault zone suggesting plastic deformation 
whilst the siltstone units show a series of small faults and fractures indicating a more brittle style of 
deformation. 
iv) Cabezo Colorado Region 
Sediments within the Cabezo Colorado region correspond to the Cuevas, Espiritu Santo and 
Salmeron Formations. 
a) Cuevas Formation 
An exposure of brightly coloured sandstones next to the municipal rubbish dump of Cuevas del 
Almanzora (GR.977263), shows a series of well developed fracture planes that have been infilled 
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Figure 4.9 - Detail of faulted Salmer6n Formation 
from the upstream region of Barranco del Tomate. A: 
Photo of the the typical style of faulting. B: 
Complimentary field sketch. Faults are arranged as 
conjugate sets, orientated NNW-SSE characterised 
by moderately high angle fault planes up to 58*. The 
main faulted zone comprises a series of small fault 
with minor displacements of up to 1 m. C : Detail of 
faulted conglomerate and siltstone beds. Clasts from 
the conglomerate bed have been dragged into the 
fault zone. The siltstones have developed a series of 
curved fracture planes aligned parallel to the main 
fault (arrowed). Notebook height = 20cm. 
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with fibrous gypsum. The fracture planes are steeply dipping (50-70°), occuiring as conjugate sets 
orientated betv '^een NW-SE and NNW-SSE. 
b) Espiritu Santo and Salmer6n Formations 
Fan-delta and distal alluvial fan sediments of the Espiritu Santo and Salmeron Formations are cut by 
a series of NW-SE orientated faults. Most of these faults form the southwards extension of those 
which were previously described at localities within the Barranco del Tomate region and along the 
road to Cuevas del Almanzora. Fault displacement is generally small (< 10m), however a single 
normal fault located along the western end of Cabezo Colorado ofiFsets the Espiritu Santo Formation 
against the Salmeron Fonnation, suggesting a displacement in the order of 60m. In most cases the 
actual fault plane is not exposed but can be traced approximately from it's southern most point next 
to the Espiritu Santo Formation quarries (GR.975258), northwestwards to Cortijo Sevillano 
(GR.972265). The stratigraphic relationship between the Espiritu Santo and Salmeron Formations 
suggests approximately 50-60m of displacement by the fault. Because the fault offsets sediments of 
the Salmeron Formation faulting is therefore post Espiritu Santo Formation. 
4.4.3 Western Basin Margin 
Along the western basin margin evidence for deformation during the early Pleistocene is derived 
from sedimentary units of the Cuevas, Espiritu Santo and Salmeron Formations, together with 
sediments which correspond to the oldest remnants of the Pleistocene terrace sequence. The 
deformation is characterised by faulting and passive folding o f these sediments which is described 
using a series of key localities which are situated progressively further from the basin margins 
(Figure 4.10): 
i) Jauro Village Basin margin 
ii) Los Calentones 
iii) Venta de Antonio de Garcia 
iv) Los Valencianos Basin centre 
i) Jauro Village (GR.924232) 
A zone of deformation is identified to the south of Jauro village where a single large monoclinal fold 
and a series of normal faults are apparent within alluvial fan sediments of the Salmeron Formation, 
exposed along the modem day Rio Jauro/Antas (Figure 4.11). Evidence for the monocline can be 
traced over an area of 0.5km^ where sedimentary units of the Turre, Espiritu Santo and Salmeron 
Formations are aligned NW-SE, dipping towards the northeast by 25° (Figure 4.11A,B). A height 
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Figure 4,10 - Location map of the principal localities of deformation on the western 
basin margins referred to within the text. 
1. Jauro Village GR.924232 
2. Los Calentones GR.932244 
3. Venta de Antonio de Garcfa GR.966249 
4. Los Valencianos GR.962264 
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Figure 4.11 - Deformation zone at Jauro Village. A: Schematic north south 
cross-section showing the positioning of the draped monoclinal fold. B: Overview 
of the northeastern end of the fold, with beds dipping at up to 22'. The arrow 
indicates where the faulted zone detail describe below is located. C: Detail of a 
faulted zone at the northeastem end of the fold. The large arrow signifies the 
downthrown side. A-B indicates the approximate trace of the fault. Note how the 
conglomerate beds are dragged into the fault zone. Person's height = 1.6m. 
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difference of 100m occurs between the upper fold hinge and that of the lower fold hinge. The fold is 
similar to a drape fold (Bally, 1983) or a forced fold (Price & Cosgrove, 1991) whereby folding is 
passive, formed by faulting of underlying basement rocks resulting in the draping of lithified 
sediment over the faults. 
Evidence for faulting within the Jauro village section is derived from the northeastern, down dip end 
(lower hinge line) of the monoclinal fold where a single normal fault is present. The fault plane is 
orientated >fW-SE and has a near vertical attitude (Figure 4.1 IC). Due to a lack of marker beds 
fault displacement cannot be calculated for this example. 
ii) Los Calentones (GR.932244) 
Faulting along Los Calentones ridge is characterised by a series o f large-scale, normal and reverse 
faults which affect both distal alluvial fan sediments of the Salmeron Formation and braided river 
sediments of the overlying Pleistocene terrace sequences. A single, steeply dipping fault plane (76^ 
is exposed within the mid parts of the Los Calentones section. Orientated NW-SE, the fault plane 
dips steeply towards the southeast (Figure 4.12B). The direction and amount of displacement cannot 
be identified due to a lack of marker beds. 
The fault plane can be traced up through the succession into the early Pleistocene braided river 
sediments, where it is defined by carbonate which has developed along the fault plane (Figure 
4.12A). Within the uppermost part of the succession, the braided river sediments are capped by a Im 
thick, well developed calcrete. The fault plane is seen to tcnninate at this calcreted surface, whilst 
other similarly orientated faults within the Los Calentones region pass through the calcretc. 
iii) Venta de Antonio de Garcia (GR.966249) 
An early Pleistocene fluvial terrace at Venta de Antonio Garcia is affected by a series of steeply 
dipping (60-85**), NW-SE orientated normal faults which are displaced between 4 and 1 Im (Figure 
4.13B). The faults have back-tilted the terrace remnants towards the west by up to 7° (Figure 
4.13A). On the upper surface of the terrace, a fault scarp up to 4m high is expressed with the 
calcrete surface (Figure 4.13C). Within areas adjacent to the main fault planes, the uppermost 
calcreted surface displays a series of small laterally impersistent joints that are orientated parallel to 
the fault plane, probably representing tension cracks formed by fault movement (Figure 4.13D). The 
main fault plane which affects Venta de Antonio Garcia can be traced northwards fi-om the terrace 
remnant as a well defined fault scarp developed into Cuevas Formation sandstones, Salmeron 
Formation distal alluvial fan siltstones and early Pleistocene terrace remnants (Figure 4.I3E). 
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Figure 4.12 - Los Calentones faulted section. A: Uppermost part of the Los 
Calentones section where braided river conglomerates are faulted. The fault is 
highlighted by cart>onate which has developed along the plane (an-owed) 
Vertica^ height = 12m. B: Mid part of the Los Calentones section where the same 
rauit attects distal alluvial fan conglomerates and siltstones. The fault plane is a 
high angle (76*) and is orientated NNW-SSE. It is not known whether the fault is 
normal or reverse as the conglomerate beds that are exposed do not match up 
Field of View = 6m across. 
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Figure 4.13 - A: Overview of the back-tilted eariy 
Pleistocene terrace at Venta de Antonio Garcia. The 
arrow indicates the main faulted zone detailed below. 
B: Detail of the main faulted zone showing fluvial 
conglomerates which have t>een downfaulted against 
distal alluvial fan siltstones of the Salmerbn Formation. 
Carbonate has developed along the fault plane. 
Displacement = 11m. Notet>ook = 20cm. C: Faulted 
calcrete surface of the terrace. Displacement = 2m. The 
arrow indicates the downthrown side D: Detail of the 
faulted calcrete showing tension cracks aligned parallel 
to the strike of the fault (NNW-SSE). Notebook height = 
20cm. E: Eastem end of Venta de Antonio de Garcia 
showing the remnants of a significant fault scarp that 
can be traced to the NNW for several kilometres.The 
black line delimits the fault plane and the down thrown 
side is arrowed, a = Cuevas Fm. b = Salmerbn Fm. c = 
early Pleistocene terrace. 
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Figure 4.14 - A: Overview of the Los Valencianos section. The section comprises 
a single fault that displaces pari of an early Pleistocene fluvial terrace by 4 m . 
Lens cap width = 5.2cm. B: Detail of the main fault plane. T h e red pedogenic 
siltstones are cut by a ser ies of fractures aligned parallel to the main fauTt. C las ts 
within the conglomerate and grey, mottles within the sittstones have been 
dragged into the fault plane. 
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iv) Los Valencianos 
An extensive early to mid Pleistocene terrace remnant exposed at Los Valencianos within Rambia 
del Cajete is characterised by a steeply dipping (65**), NW-SE orientated normal fault (Figure 
4.14A). The fault is displaced by 5m and can be traced downwards into Salmeron Formation distal 
alluvial fan sediments. Detail from the main fault plane shows that the Salmeron Formation 
siltstones and conglomerates have undergone complex small scale deformation. Siltstones show small 
scale (cm) faulting, either parallel or conjugate to the principal faults dipping to the west, whilst 
clasts from the conglomerate on the down thrown bed have been dragged into the fault plane (Figure 
4. MB). Grey coloured reduction spots within the siltstones corresponding to clay in-fiU of former 
root traces are also affected by the deformation. These structures are nonmally vertical in orientation, 
whilst at this locality they show shearing by the small faults, some of which have been dragged into 
the fault plane. 
4.4.4 Interpretation of Early Pleistocene deformation 
Deformation during the early Pleistocene is concentrated along the northern and western margins of 
the Vera Basin. All of the deformation is brittle, characterised by faulting or fracturing which has 
occurred following compaction and cementation of sedimentary units. Timing of the deformation can 
be calculated from the cross-cutting relationships of the faults in comparison with the relative age of 
the sedimentary units which they affect. All of the faulting affects sediments of the Cuevas, Espiritu 
Santo and Salmeron Formations as well as braided river sediments of early Pleistocene age. All 
sedimentary units which post-date the early Pleistocene river sediments, apart from some of the late 
Pleistocene river terraces within the vicinity of the Palomares fault zone, are unaffected by any 
deformation. This, therefore, suggests that the deformation occurred once continental conditions had 
been established during Salmeron Formation times and continued as the basin undenvent dissection. 
Stereonet plots of all the Pliocene to early Pleistocene deformation (Figure 4.15) cleariy indicates an 
average fault plane orientation of NNW-SSE. The deformation therefore appears to relate to a single 
phase of structural activity beginning during Salmeron Formation times and passing into the early 
Pleistocene fluvial terrace sequence. Deformation related to this phase ceased following the early 
Pleistocene. 
In most cases the deformation is characterised by normal faulting, together which uncommon reverse 
faulting and localised passive folding. In all of diese cases, the deformation is consistently orientated 
with fault planes and the strike of folded beds all orientated between NW-SE and NNW-SSE. Fault 
displacement is variable. Most faults are displaced between five and ten metres. However, several 
large faults with up to 100m of displacement have been identified across the width of the northern 
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Figure 4.15 - Stereonet plots of poles to fault planes for individual stratigraphic 
horizons (Pliocene Cuevas & Espiritu Santo Fms. Plio-Pleistocene Salmeron Fm and 
Pleistocene terrace sequence) and the total Plio-Pleistocene deformation. Total 
defomiation shows an average NNW-SSE fault trend for all early Pleistocene faults 
within the northern and westem regions of the Vera Basin which affect the Cuevas, 
Espiritu Santo and Salmer6n Formation together with early Pleistocene fluvial terraces. 
The scatter trend may correspond to weakly developed conjugate fault sets. All faults 
are dominantly normal with no perceived lateral movement. 
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part of the basin. Along the western basin margin at Jauro village, the deformation zone shows 100m 
of down throw eastwards towards the basin centre. At Cabezo Colorado, a large normal fault shows 
a displacement of approximately 80m, whilst in the region of the road to Cuevas del Almanzora a 
single large normal fault shows a similar displacement of 80m. It appears that all of these faults with 
large displacements arc associated with a broad zone of deformation, commonly up to several 
hundred metres wide. The zone of deformation is composed of much smaller, similarly orientated 
faults with displacements between 4 -lOm. 
A lack of syn-sedimentary deformation suggests that the early Pleistocene sediments probably 
underwent rapid lithification which is t>pical of carbonate rich sediments. Where deformation has 
occurred at the same time as deposition, intraformational unconformities commonly occur. Many 
examples of these exist within ancient sedimentary' record, usually where uplift (e.g. Ramsay & 
Hubert, 1987: p.517; Mather, 1991) or thrusting (e.g. Nichols, 1987) has resulted in sym-tectonic 
deformation of alluvial sediments as they were being deposited. Along the western basin margins, 
despite lacking in intraformational unconformities, sedimentary' evidence shows that alluvial fans of 
the Salmeron Formation were in part, still active as deformation began to occur. This aspect is 
considered in more detail within Chapter 5, but emphasises that although deformation appears to 
have been rapid, the sedimentary response to structural activity during the Pleistocene is complex. 
4.5 M I D - L A T E P L E I S T O C E N E D E F O R M A T I O N 
4.5.] Style and distribution 
Following, the extensive basin-wide deformational phase in the early Pleistocene, all sedimentary 
units which post date this deformation are unaffected by structural activity apart fi-om those near to 
the Palomares fault zone along the eastern basin margin. 
Along the eastern basin margin, most of the sedimentary units of mid to late Pleistocene age relate to 
the development of a series of former shoreline levels, which are thought in most cases to represent 
fluctuating sea level of the Mediterranean during the Pleistocene (Hey, 1978) (see Chapter 7). Direct 
evidence for deformation of mid to late Pleistocene shoreline sequences within the Vera Basin is 
limited, although similar age shoreline sequences within other sedimentary basins are affected by 
localised extensive faulting and overall regional uplift (Cadet et aL, 1977; Goy & Zazo, 1982, 1986; 
Goy et aL, 1986). In most cases deformation of shoreline sequences is characterised by simple joint 
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Figure 4.16 - A: Field sketch through mid to late Pleistocene deltaic and 
nearshore manne sediments within the Garmcha reaion (GR.047146). The 
section is cut by a series of N N W - S S E and N N E - S S W fracture planes in filled 
with carbonate. Person's height = 1.6m. B: Detailed photo of the fracture planes. 
Person's height = 1.78m. C : Fracture plane data in a Rose diagram format from 
the Ganrucha region. The principal stress planes suggest approximate 
north-south compression and east-west extension. 
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sets, small-scale, poorly exposed faulting and possibly by rotational cliff slides, initiated from pre-
existing feult planes. 
i) Joint Sets 
Joint sets are exposed within road cuttings in the town of Garrucha. Here, a series of stacked raised 
beach sequences of Tyrrhenian age are affected by singular or cross cutting sets of joints, 
characterised by vertical planes along which carbonate has developed (Figure 4.16A,B). Generally, 
joint sets are conjugate and are between NNW-SSE and NNE-SSW, with a minor component 
orientated E-W (Figure 4.16C). 
ii) Faulting 
Faulting is rare, characterised by traces of faults within the Mojacar area related to the Palomares 
fauh zone. North of Mojacar, on a basement inlier called Moro Manco (GR.037I33) a N-S 
orientated fault displacement can be traced affecting Pleistocene beach deposits at approximately 
40m above sea level. 
iii) Rotational slides 
Evidence for fossil cliff slides are found within an E-W orientated road cutting in the southern part 
of Garrucha town. Here, Pleistocene shoreline sediments are highly deformed, characterised by 
tilting and rotational block sliding in an easterly, seawards direction. The deformation is orientated 
approximately N-S and is described as chevron folding by Hall (1983) who relates it to Quaternary 
movement of the Palomares fault zone. However, detailed examination and reconstruction of this 
Garrucha section (Alvado, 1986; this study. Chapter 7, section 7.6.2) clearly proves that the 
deformation relates to a rotational block slide although it is possible that the slide was tectonically 
induced, with sliding initiated along an existing plane of weakness, possibly that of a pre-existing 
fault. 
4.5.2 Interpretation of Mid-Late Pleistocene deformation 
Structural activity within the Vera Basin during the mid-late Pleistocene is low. The rare faulting 
and fracturing of shoreline sediments near to the Palomares fault zone, particularly within the 
Garrucha region shows that the Vera Basin is still undergoing an approximate N-S compression 
(Figure 4.16C). 
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4.6 D E F O R M A T I O N fflSTORY I N T H E P L I O - P L E I S T O C E N E 
Mid to late Pliocene sequences within the northern region of the Vera Basin are characterised by a 
marine carbonate horizon that forms part of the Almanzora Member Coastal Plain facies association 
(see chapter 3, section 3.5.2). This carbonate horizon is an important marker horizon as it occurs 
within most Plio-Pleistocene sedimentary successions within the central-northern region of the basin 
and stratigraphically marks the contact between the Espiritu Santo and Salmeron Formations. 
Essentially this marine band represents a final, localised marine transgression within the north of the 
Vera Basin prior to the Vera Basin becoming completely continental. By relating this mid to late 
Pliocene sea level to the current elevation of the marine band above modem sea level, relative uplift 
rates and therefore total deformation which has occurred since deposition of the marine band can be 
calculated. 
Using a series of key localities where the marine band is exposed, differential uplift rates have been 
calculated for the northern region of die basin. According to both Vail et al., (1977) and Haq et al. 
(1987, 1988) global sea level throughout die Pliocene fluctuated between 100 m and 50 m higher 
than it is today. For the purpose of these calculations, the age of the marine marker horizon has been 
taken at 2.5 Ma and the former sea level is taken to be 50 m higher than today. 
Uplift rates are shown in an isoline map (Figure 4.17). The map cleariy shows the presence of a 
small sub-basin within the northern part of the Vera Basin, defined by the Sierra Almagra to the 
north. Sierra dc los Filabres to the west and Basinal fan delta deposits (Espiritu Santo Formation) to 
the south. Uplift rates were at their minimum within the centre of this sub-basin (1 Im Ma"') whilst 
increasing to their maximum (21m Ma ' ) around the northern and western basin margins. A 
deflection of the isolines in the north of the sub-basin can be explained by the presence of one of the 
larger normal faults which shows a minimum of 60 m of displacement. The higher differential uplift 
rates from the northern and western basin margins suggests that the Sierras Almagra and de los 
Filabres were both uplifting at similar rates. Deformation has been taken up by displacement along 
the NNW-SSE orientated normal faults. 
Widiin the adjacent Sorbas Basin, Mather (1991) calculated uplift rates from slightly older eariy to 
mid Pliocene marine bands of the Zorreras Formation. Lower uplift rates of 60m Ma"', were 
calculated for the Sierra de los Filabres in northern parts of the Sorbas Basin, whilst significantly 
higher rates of 160 m Ma' were calculated for the Sierra Alhamilla-Cabrera in the soudiem part of 
the basin. These uplift rates are six times larger than those calculated for the northern parts of the 
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Figure 4.17 - Uplift rates calculated In m Ma -1 for the northern region of the Vera Basin 
based upon the present elevation of a marine band that marks a final marine incursion 
into the Vera Basin at the end of the Espiritu Santo Formation. The deflected isolines 
probably relates to the occurrence of a major normal fault exposed within the Rambia 
Cirera region. 
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Period Relative structural Activity Style of Deformation Distribution 
Late 
Pleistocene 
Low -4 ^ High 
Minor actMty associated 
vrith the Palomares fault: 
faulting & fracturlrK) of 
Pleistocene shoreline 
sequences. Continuing 
uplft of Sierras. Modem 
day earthquake activity. 
Early-Mid 
Plesitocene ) Faulting and forced folding on western and rxMlhem basin margins. Ongoing minor uplift of Almagra & Ratxes and major uplift of Cabreras. Reduction of Palomares fault actMty. 
Late Pliocene 
Early Pleistocene 
Difterentlal fault controlled 
suttsidence In northern basin 
Onset of continental 
conditions. 
Onpoing uplift of Sierras 
Cabrera, Rtabres and 
Almagra. 
Mid-Late 
Pliocene 
Mabr movement by the 
Patomares fault zone. 
Reorganisation of baski 
De^^tionoffaiHleKas. 
UpGft of Sierras Cabrera, 
do los FBabres and 
Abnagra. 
Early-Mid 
Pliocene / Unsteady strfke-sllp movement by the Palomares fault zorte. Deposition of oTistostromes along the eastern basin 
marglfxs. 
1 1 Areas of uplift 
OnO Areas of subsidence 
Figure 4,18 - Summary of the structural activity affecting the Vera Basin during the 
Plio-Pleistocene. 
138 
Chapter 4: Plio-PIeistocene Deformation 
Vera Basin. Although no direct evidence is available from the south of the Vera Basin, it is likely 
that eastern end of the Sierra Alhamilla-Cabrera were undergoing similar uplift rates during the 
Plio/Pleistocene to those in the Sorbas Basin. Indeed, near vertically orientated marine sediments of 
the Turre Formation, west of Mojacar town proves that the Sierra Alhamilla-Cabrera have 
undergone large scale uplifl since the late Miocene (Volk, 1967a; Weijermars, 1991). 
4.7 P L I O / P L E I S T O C E N E S T R U C T U R A L E V O L U T I O N 
4.7.1 Changing patterns of deformation 
Throughout the Plio/Pleistoccne the Vera Basin has varied in style and distribution of deformation. 
During the Pliocene structural activity was dominated by irregular strike-slip movement along the 
Palomares fault zone. The northern and western margins of the basin were relatively quiescent whilst 
southern margins were undergoing significant uplift (Figure 4.18). 
During the mid to late Pliocene structural activit>' increased dramatically, characterised by 
significant strike-slip movement of the Palomares fault zone resulting in major changes of 
palaeogeography to the Vera Basin. Partial enclosure of the basin resulted in deposition by Gilbert-
t>'pe fan-deltas sourced from a faulted temporar>' eastern margin (Sierra Almagrcra) (Figure 4.18). A 
fan delta sourced from the northern margin and rocky shoreline deposits on the western margins 
indicates that the Sierras Almagra and Filabres were present as significant topographic reliefs that 
were undergoing uplift. Towards the end of the Pliocene structural activity within the Vera Basin 
decreased overall. Movement by the Palomares fault zone reduced significantly, with the Vera Basin 
taking on a similar palaeogeography to that of today. The development of alluvial fans from the 
northern and western margins indicates that the Sierra Almagra and Sierra de los Filabres were still 
actively uplifting in order to supply sediment to the basin (Figure 4.18). 
Deformation increased dramatically again during the eariy to mid Pleistocene characterised by NW-
SE orientated normal faulting that affected northern, western and central areas of the basin. In 
western areas, faulting resulted in localised subsidence and forced folding during alluvial fan 
deposition. This resulted in increased geomorphic gradients, stimulating incision, which ultimately 
resulted in a switch from alluvial fan to braided river deposition. In northern and central areas 
faulting appears to have occurred towards the end of alluvial fan deposition, continuing during 
braided river deposition and ceased when the basin underwent dissection (Figure 4.18). 
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Ongoing epeirogenic uplift of the basin throughout the mid to late Pleistocene resulted in the overall 
dissection of the basin, characterised by inset fluvial terrace and pediment forms. More direct 
evidence for structural activity is limited to fracturing and minor faulting of late Pleistocene 
shoreline and terrace sequences along the eastern margins of the basin that may relate to the 
Palomares fault zone. 
Differential uplift rates calculated for the later stages of basin development during inversion and 
dissection suggests that the Sierras Almagra and de los Filabres on the northern and westem basin 
margins respectively were being uplifted at a minimum of 21m Ma ', associated with normal faulting 
of basin sediments. In contrast, the Sierra Alhamilla-Cabrera on the southern margins of the Vera-
Sorbas Basins were rising more rapidly, indicated by minimum differential uplift rates of 160m Ma ' 
(Mather, 1991) associated with intense tilting and faulting. 
4.7.2 Principal stress fields 
Eady and mid Pliocene deformation of the Vera Basin is dominated by strike-slip fault movement 
along the Palomares fault zone and by relative uplift of the basin margins. Left lateral strike-slip 
movement along the Palomares fault zone indicates an approximate north-south compression of the 
Vera Basin during Pliocene. A lack of smaller scale deformation structures of Cuevas and Espiritu 
Santo Formation age in areas away from the Palomares fault zone makes any accurate external 
stress fields difficult to resolve during the Pliocene. In fact, as previously established, most of the 
deformation of the Plio/PIeistocene sediments in areas away from the Palomares fault zone is 
characterised by faulting, folding and fracturing which are related to a deformational phase which 
occurred during the early Pleistocene (Section 4.4). On average this deformation is orientated 
between NW-SE to NNW-SSE and less commonly between NE-SW to NNE-SSW. Comparison of 
these average fault and fracture trends with the regional defonmational patterns supports an 
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4" E-W 
extension 
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NNW-SSEtto 
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normaiifaults) 
Aimer a 
Mediterranean Sea 
10 20 30 km 
C3 Neogene Volcanlcs 
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Normal Fault 
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Dextral strike-slip 
Sinistral strike-slip 
Figure 4.19 - A: Orientation of conjugate fault patterns relating to the eaily Pleistocene 
deformation phase within the Vera Basin, (derived from stereonet in Figure 4.15). B: 
Comparison of the Plio-Pleistocene fault pattems of the Vera Basin to the regional fault 
pattern. Regional map re-drawn from Montenat etai, (1990). 
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approximate NNW-SSE to N-S compression of the Vera Basin during the Plio-Pleistocene (Figure 
4.19). Strike-slip movements which typically characterise shear zones have clearly occurred along 
the Palomares Fault Zone during the Plio-Pleistocene as shown by the presence of fan-delta deposits 
of the Espiritu Santo Formation (Chapter 3). However, rare slickensides from the early Pleistocene 
deformation shows no lateral sense of movement. Faulting is dominated by mainly normal, 
extensional movements. According to Weijermars (1987) the Palomares "shear" zone affects an area 
approximately 44km wide and would therefore encompass most of the Vera Basin within it. The 
phase of early Pleistocene deformation has clearly occurred within the area covered by the Palomares 
Fault Zone and therefore this deformation may reflect strain partitioning within the shear zone. The 
\\'ide dispersion of all fault trends which affect the Plio/Pleistocene sediments in the Vera Basin is 
probably due to the heterogeneity of lithologies, all of which respond differingly to deformation. 
Shear zones are typically characterised by transtension where defomiational patterns are expressed 
by a combination of strike-slip and cxtensional patterns fault patterns (Biddle-Christie-Blick, 1985; 
Price & Cosgrove, 1991). In this case the Vera Basin has clearly developed in a state of transtension. 
North-south compression has defined the Vera Basin during the Plio-Pleistocene by phases of lef^ -
lateral strike-slip movement and by E-W extension due to strain partitioning within the shear zone. 
4.8 S Y N T H E S I S 
Deformation of the Vera Basin by strike-slip and normal faulting during the Plio/PIeistocene 
suggests that the basin was in a state of transtension resulting from a combination of transcurrent 
and compressive crustal movements. Most of the movement is taken up along the Palomares fault by 
left lateral strike-slip movement during the Pliocene. In the eariy Pleistocene the dominant north-
south compression is taken up along NNW-SSE normal faults and the basin margin faults. This later 
phase of deformation is probably responsible in part for the differential uplift of the Vera Basin 
during the Pleistocene and marks the switch from the final phase of basin fill through to dissection of 
the basin. 
This detailed study of deformation affecting the Vera Basin during the Plio-Pleistocene agrees in 
accordance with the regional findings of Hall (1983), Montenat et aL, (1987), Boccaletti et a/.. 1987 
and Coppier et ai. (1989) who suggested that the Betic Cordilleras have been dominated by lefl-
lateral strike-slip movements and dip slip movements throughout most of the Miocene through to the 
present day. The findings of Bousquet (1977; 1979) and Bousquet & Philip (1976) who recorded 
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north-south compression during the late Miocene and east-west extension during the Pliocene may 
relate more to the generation of transtensional areas between major transverse faults as envisaged for 
the adjacent Sorbas Basin by Madier (1991) (Figure 3.198). 
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Chapter 5 
Plio-PIeistocene Continental Deposition: 
Evolution of the Primary Drainage Systems 
5.1 I N T R O D U C T I O N 
This chapter examines the establishment and evolution o f the primary' drainage systems within the 
Vera Basin from the late Pliocene through to the early Pleistocene. The evidence for these drainage 
systems is derived from the analysis of continental Plio-PIeistocene alluvial sediments of the 
Salmeron Formation. 
Within Chapter 3, the final marine phases of sedimentation were examined to provide a context for 
the onset of continental conditions. Early to mid Pliocene open marine conditions (Cuevas 
Formation) were succeeded by major palaeogeographic changes, characterised by the development of 
shorelines on the northern and western basin margins and by fan-delta deposition from the eastern 
and northern basin margins (Espiritu Santo Formation). The complete withdrawal of the Pliocene 
Sea during the late Pliocene provided the topographical surface onto which the primary drainage 
neUvork of the Salmeron Formation was established. 
The late Pliocene fluvial systems of the Salmeron Formation are consequent and developed from the 
northern, northwestern and western margins of the Vera Basin. These systems drained from the 
Sierra Almagra and Sierra de los Filabres (Chapter 1: Section 1.8.7), forming a weakly convergent 
drainage system towards the centre o f the Vera Basin, which ultimately flowed eastwards out into 
the Pleistocene Mediterranean Sea. This primary drainage network is the forerunner to the 
establishment o f the mid to late Pleistocene and modem drainage systems, which developed during 
the overall dissection of the Vera Basin by three major rivers and their tributaries: the Almanzora, 
Antas and Aguas which are considered within Chapter 6. 
Three individual primary drainage systems of the Salmeron Formation have been identified on the 
basis of palaeocurrents, clast provenance and sedimentary st>'les (Figure 5.1): 
1. Cuevas System - Northern margin 
2. Salmeron System - Northwestern margin 
3. Jauro System - Western margin 
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A : 
Drainage 
System 
Typo Locality 
CUEVAS 
RambCs del Toyo 
GR.9722B3 
S A L M E R 6 N 
Homo do Ycco 
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JAURO 
j3uro VCago 
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Area 
System 
rrhickness 
Sierra 
Almagra 
Sierra 
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Figure 5.1 - A: Drainage system summary characteristics of the Salmer6n 
Formation. B: Palaeocurrent summaiy diagram of the Salmer6n Formation primary 
drainage systems. Map based upon 1:50 000 Vera topographic sheet. 
145 
Chapter 5: Evolution of the Primary Drainage Systems 
Within the following sections each drainage system is considered in turn using a series of key 
localities which illustrate the main sedimentary characteristics and variations within each system. 
Facies analysis is used to identify small-scale elements such as bar morphology, which in turn is 
used to reconstruct a detailed palaeogeography. The facies scheme used to classify alluvial sediments 
and any secondary pedogenic modification is described below. 
5.2 F A C I E S S C H E M E AND P E D O G E N I C C L A S S I F I C A T I O N 
5.2.1 Facies scheme 
Sedimentary units of the Salmeron Formation arc dominated by conglomeratic deposits, and in order 
to aid their description, and for ease of reference throughout the chapter, a modified version of 
Miall's (1977, 1978) lithofacies codes has been utilised (Table 5.1). The lithofacies codes have been 
used in a purely descriptive sense and suitable interpretations have been made by considering groups 
of lithofacies as facies associations at each individual locality. 
The main facies associations considered at each locality correspond to small-scale elements typically 
observed within alluvial settings. These are. 
a) Sheet-form facies 
b) Bar-form facies 
c) Channel facics 
d) biterchannel facies 
e) Pedogenic modification 
A summary of the bar terminology and the main criteria for their recognition as used within the text 
is presented within Figure 5.2. 
5.2.2 Pedogenic classification 
Alluvial sediments of the Salmeron Formation commonly show evidence for extensive pedogenic 
modification. These modifications are typical features of palaeosols and are defined as a soil that 
formed on a landscape of the past (Wright & Allen, 1989). The use of palaeosols within geological 
studies, particularly those studying ancient fluvial sequences, has been recognised as a powerfiil tool 
for palaeoenvironmental purposes (Wright & Allen, 1989). 
For the purpose of this study palaeosols are used to identify breaks in sedimentation, to provide 
palaeoenvironmental information and to aid stratigraphic interpretations. Identification is based upon 
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Unit Bar 
Longitudinal 
, l f7^) 
Transverse 
.1174) 
Lotoral 
.117*) 
LIthofacles 
Gm, Gh 
Gp, Gh. Sp 
Gl, Gh. Gt. 
Sp, St 
Characteristics 
Morphology- elongate In plan, 
slight convex upper surface. 
Row patterns - bar parallel, 
undirectlonal and symmetrical. 
Occurrence • In straight shallow 
reaches. 
Low angle, or more commonly 
lacking in foresets. 
Morphology - straight, lobate or 
sinuous margins. Bar top flat or 
with an axial depression. 
Flow Patterns - may be radial 
over (obate forms. 
Occurrence - where flow linos 
diverge (channel widening, 
channel Junctions or Increase In 
water depth). Lobate arKi 
sinuous fomis typical of wide, 
straight channels. Straight 
crested forms associated with 
bends. 
Typically associated with high 
angle foresets. 
Morphology - approximately 
triangular in plan section. 
Separated from bank by a small 
channel. 
Flow pattern - oblique to main 
bar-form, with bar migrating 
obliquely across the channel. 
Typically associated with 
foresets. 
LIthofacles Distributions 
Section 
normal to (low 
parallel to flow 
normal to flow 
paratiai to now 
Gp/Sp 
parallel to flow 
Gl/St /Sp/Gm 
BT-Ba; -nrn BH > Bar Head 
Plan 
V 
Flow Pattern 
/ / 
II 
Figure 5.2 - Nomenclature and criteria used for identification and classification 
fluvial bars as applied to this study (adapted and re-drawn from Mather, 1991). 
of 
Chapter 5: Evolution of the Primary Drainage Systems 
C O D E L ITHOFACIES SEDIMENTARY S T R U C T U R E 
G m s 
matrix supported 
gravel-boulder conglomerate 
poorly sorted 
generally none, sometimes a weak 
clast Imbrication and vertical 
orientation of clasts 
G m 
clast supported 
gravel-cobble conglomerate 
moderately well sorted 
weakly bedded / massive 
weak clast imbrication 
G h 
clast supported 
gravel-pebble conglomerate 
well sorted 
horizontal bedding 
well imbricated 
G l 
clast supported 
gravel-pebble conglomerate 
well sorted 
low angle cross-beds 
imbricated 
Gt 
clast supported 
gravel conglomerate 
well sorted 
trough cross-beds 
G p 
clast supported 
gravel conglomerate 
well sorted 
planar cross-beds 
S m 
sand 
fine-coarse 
moderate-well sorted 
massive 
S h 
sand 
fine-coarse 
moderate-well sorted 
horizontal lamination 
F m silt-mud massive 
Table 5.1 - Summary table of lithofacies codes, textural characteristics and 
their main sedimentary characteristics referred to within the text and figures 
(adapted from Miall. 1977,1978; Mather, 1991). 
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the criteria defined by Wright & Allen (1989) which includes biogenic features, colours, 
destratification (pedoturbation) and horizonation. 
a) Biogenic features - The most notable biogenic feature within palaeosols are the traces left by 
roots which may include root moulds, casts or rhizocretions (mineral encrusted roots) and are 
characterised using the terminology of Klappa (1980). 
b) Colour - Colouring of palaeosols, particularly by reddening or mottling, may be distinct and aid 
recognition at outcrop level. Reddening results from the oxidation of iron and may be termed 
rubification. Mottling reflects localised changes in oxidation and reduction (Duchafour, 1982), 
commonly formed by periodic waterlogging leading to reduction within the soil profile, or by the 
lowering of the water table leading to oxidation (Wright & Allen, 1989). The degree of reddening 
within a soil has been used in a similar way to that of calcretcs (see below) by Hurst (1977) whereby 
stronger red colouration reflects longer periods of development within a more "mature" soil. This 
technique has been succcssfiilly applied to Quaternary soil chronosequences in southeast Spain by 
Harvey et a/., (1995). 
c) Pedoturbation - In most sedimentary settings this is referred to as bioturbation and corresponds to 
the re-organisation of sedimentary material by mixing. Pedoturbation may result from the direct 
action of infaunal or scmi-infaunal organisms, the shrinking or expanding of expandable clays, salt 
cr>'stal growth, freezing and thawing (Wright & Allen, 1989). 
d) Horizonation - Palaeosols may form distinct horizons within sedimentary successions due to their 
distinct colouration or degree of cementation. The degree of horizon development may reflect the 
length of pedogenesis. Some studies have developed pedogenic indices based upon the degree of soil 
development (e.g. Harden, 1982). These indices have been used to great effect within calcrete soils, 
which are seen to develop or 'mature' within a series of stages (Gile et al.^ 1966; Machette, 1985). A 
four stage development was proposed by Gile et al. (1966) based upon the degree of carbonate 
development within carbonate soils within gravelly and non-gravelly soils (Table 5.2). Many studies 
of ancient alluvial sequences, particularly within southeast Spain have successfully used the degree 
of calcrete development for identifying chronosequences within fluvial terraces (e.g. Harvey & 
Wells, 1987; Miller, 1991; Harvey e/o/., 1995). 
In order to identify the relative maturity of a soil both the degree of soil reddening and carbonate 
development have been adopted by this study. These maturity characteristics are of particular use 
when examining fluvial terrace sequences (see Chapter 6), because when used with other 
characteristics (e.g. terrace height) soil maturity can aid the identification of chronosequences. Gile 
et al's (1966) scheme has been adopted to aid description of carbonate soils. Because carbonate soils 
may show different degrees of development throughout a profile an idealised profile composed by 
Esteban and Klappa (1983) (Figure 5.3) has also been within this study used to aid description. 
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Classification of palaeosols defined within this study is based upon US soil taxonomy (Soil Survey 
Staff, 1975). The palaeosols are classified on the basis of the observed characteristics described 
above (biogenic features, colour etc.). Soils identified within this study are typically those of 
Entisols, Vertisols or Aridsols. The main characteristics of these soils arc described below and are 
based upon the descriptions given by Retallack (1990). 
Entisols are poorly developed soils and show only a slight degree of development. This may be due 
to due to a short lime for soil development or may reflect conditions unfavourable for soil 
development. Entisols typically show rudimentary root development and some mineral weathering 
(colouration) and arc associated with relatively young geomorphic surfaces. 
Vertisols are characterised by thick clayey profiles (>0.5m) which may have deep wide cracks for 
part of a year and are usually associated with flat landscapes at the foot of gentle slopes. 
Aridsols are typical o f arid semi-arid regions and are characterised by calcic Bk horizons, commonly 
with nodules or continuous layers. 
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S t a g e Grave l ly S o i l s Non-Gravel ly S o i l s A g e of Y o u n g e s t G e o m o r p h i c S u r f a c e 
1 Thin, discontinuous 
pebble coatings. 
Filaments or 
coatings. 2500 - 5000 K a 
II 
Continuous pebble 
coatings, some 
inter-pebble fillings. 
F e w to common 
nodules. > 5000 ka 
III 
Many inter-pebble 
fillings. 
Many nodules and 
inter-nodule fillings. Late Pleistocene 
IV 
Laminar horizon 
overlying a plugged 
horizon. 
Laminar horizon 
overlying a plugged 
horizon. 
Mid-late Pleistocene 
Table 5.2 - Different evolutionary stages of soil carbonate development (from Gile 
efa/., 1966). 
CALCRETE 
PROFILE 
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MATRIX 
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Figure 5.3 - Idealized calcrete profile and distribution of major characteristics within a 
typical profile (re-drawn from Esteban & Klappa. 1983). 
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5.3 T H E C U E V A S S Y S T E M 
5.3.1 Introduction 
The Cuevas System is located on the northern margins of the Vera Basin and is composed of 
interbedded red and grey coloured conglomerates, sandstones and siltstones. These sedimentary units 
form sequences up to a maximum of 70m thick, making the Cuevas System the thickest of the three 
primary drainage systems. In proximal areas to the northern basin margin, sediments o f the Cuevas 
System lies unconformably upon metamorphic basement of the Alpujarride Complex, whilst within 
more distal areas, sediments form a conformable sequence with underlying shoreline and coastal 
plain sediments of the Espiritu Santo Formation. 
Five key localities exposed along a series of incised ramblas and barrancos are used to describe the 
main sedimentary features of the Cuevas System (Figure 5.4A). These localities are used to reflect 
proximal to distal areas of sedimentation in relation to the adjacent Sierra Almagra mountain front. 
The five localities are; 
1. Barranco del Tomate: GR.963283 Proximal 
2. Rambla del Toyo: GR.972283 
> 
3. El Calguerin: GR.985293 
4. Rambla Cirera: GR.981283 
5. Zutija: GR.982272 Distal 
Clast assemblages of the Cuevas System are dominated by mica-schist, phyllite and meta-carbonate 
lithologies derived from the Ballabona and Variegato Units of the Alpujarride Complex (Nappe unit 
tenninology from Bicker, 1966: Section 1.4.2) (Figure 5.4B) which crops out locally widiin the 
Sierra Almagra (Figure 5.5 & 5.6). Palaeocurrent data supports a Sierra Ahnagra source area for 
the Cuevas System, indicating a unimodal transport direction towards the south (Figure 5.4B). 
Remnants of the morphological expression of the Cucvas System is evident from aerial photographs 
of the northern region of the Vera Basin (Figures 5.6). Although a significant proportion of the 
landform morphology has been modified by early Pleistocene deformation and landscape evolution it 
is possible to identify a large single fan-shaped form sourced from an E-W orientated structural 
lineament, a basin margin fault complex with the Sierra Almagra (Figures 5.6). Defonmation of the 
eastern part of the Cuevas System has completely destroyed any remnants of morphology. 
152 
Chapter 5: Evolution of the Primary Drainage Systems 
1. Barranco del Tomate GR.963283 
2. Rambia del Toyo GR.972283 
3. El Calguerfn GR.985293 
4. Rambia Cirera GR.981283 
5. Zutija GR.982272 
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Figure 5.4 - A: Location map of the Cuevas System. Numbers 1 to 5 correspond to the 
localities referred to within the text. B: Summary characteristics of the Cuevas System. 
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Figure 5.5 - Geological map of the Cuevas System with remnant alluvial fan morphology 
superimposed from the aerial photograph (Figure 5.6). Basment lithologies are based 
upon Bicker (1966). 
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Figure 5.6 - Aerial 
photograph of the 
northern basin 
margin. A remnant 
alluvial fan 
morphology is 
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(Variegato fan) 
backfilling the 
Sierra Almagra 
mountain front. 
The fan would 
have dominated a 
large part of the 
Cuevas System. 
Sienra 
;^93jm\Var legato Almaqna 
B a s i n Margin fault ^' '^^^ ^^^^ Alluvial fan outline 
Chapter 5: Evolution of the Primary Drainage Systems 
5.3.2 Sedimentology 
i) Barranco del Tomate: GR.963283 
A series of exposures over a 200m reach along the Barranco del Tomate provide lateral and vertical 
sequences through proximal and mid parts of the Cuevas System (Figure 5.4A). The sections are 
parallel and partially oblique to the main palaeocurrent directions which are to the south / south-east. 
Characterised by interbedded sheets o f reddish coloured conglomerates and siltstones, the 
sedimentary succession is depicted within a sedimentary log in Figure 5.7. No clear basal contact is 
exposed within the main section, although several hundred metres downstream, by an abandoned 
farmhouse, interbedded red sandstones and siltstones conformably overlie coastal plain sediments of 
the Almanzora Member (Espiritu Santo Formation). An overview of the Barranco del Tomate 
section (Figure 5.8A) shows a difference in apparent dip of beds between the lower and upper parts 
of the section. These may correspond to weak intra-formational unconfonmities, although these are 
not readily apparent from the sedimentary log (Figure 5.7). 
a) Sheet-form facies 
The sheet-form facies dominate the Barranco del Tomate locality and are defined on the basis of 
their geometry' (width to height ratios of more than 15; Friend et al., 1979). The deposits are 
composed of interbedded conglomerates, fine sandstones and siltstones corresponding to lithofacies 
Gm, Gh, Sm and Fm. 
Conglomerates of lilhofacies Gm occur as either large lensed units up to 2m thick (average Im) that 
can be traced laterally over several tens of metres (Figure 5.8B,D), or as thin lensed units up to 0.2m 
thick, traceable laterally over several metres (Figure 5.8C). In both cases basal parts of the 
conglomerate are erosive, occurring mainly as planar erosion surfaces or rarely as localised scoured 
channel features cut into underiying sandstones and siltstones (Figure 5.8D). Individual beds of 
conglomerate are either massive and structureless (Gm) or show a weak internal bedding (Gh), fining 
upwards. Moderate to well sorted, the conglomerates are composed of imbricated clasts of angular to 
sub-rounded gravel, pebbles and rare cobbles supported within a sand matrix. Coarser cobble size 
clasts often occur within the lowermost parts o f units. Within more proximal upstream exposures the 
thicker conglomerate sheet-form deposits dominate the sections (Figure 5.8D). 
The conglomerate units relate to deposition under fluvial sheetflood conditions, which commonly 
form weakly interbedded layers of cobbles and pebbles supported within a sand matrix (Hogg, 1982; 
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Figure 5.7 - Sedimentary log from the Barranco del Tomate section. 
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Blair, 1987; Wells & Harvey, 1987). Imbrication of elongate clasts indicates fluvial conditions of 
flow. 
Sandstones and siltstones of lithofacies Sm and Fm are less common within the Barranco del Tomate 
section, where they form lensed units up to 2.5m thick that can be traced laterally over several tens 
of metres. Poor to moderately sorted, the sandstones and siltstones are massive and commonly 
contain isolated, floating clasts of gravel or pebbles that are sometimes imbricated. These fine 
sediments are frequently interbedded with thin, laterally impersistent lenses o f matrix supported 
conglomerates (Figure 5.8B,C,D). The sandstones display a distinct reddish-pink colouration, 
sometimes with a banded appearance. 
The fine grain size and poor sorting of lithofacies Sm and Fm suggest that deposition occurred as 
mudflows. The lateral extent of these units suggests that the mudflows were laterally unconfined. 
Despite having the strength to support gravel and pebble clasts during movement, the mudflows must 
have been relatively fluid in order to cause imbrication. In many ways these deposits represent an 
intermediate between fluvial and debris flow deposits and may possibly relate to the 
hypcrconcentrated flood deposits of Costa (1984, 1988). The thicker units of sediment may represent 
amalgamation of several flood events and where the thin, laterally impersistent lenses of 
conglomerate may reflect to breaks in deposition. The distinct reddish colouration of the finer 
sediments reflect pedogenic modification (see below). 
b) Pedogenic modification 
Pedogenic modification is confined to the finer sandstone and siltstone units of the sheet-form facies 
or, very rarely, to the uppermost surfaces of the conglomerate units. The red colouration probably 
reflects haemalitic reddening of the sediment. In this case the precise origin of the reddening is 
uncertain. It is widely agreed that red beds are typical o f continental depositional settings although 
reddening may result from various post depositional pedogenic or diagenetic origins (Turner, 1980). 
Reddening on the tops of sheetflood deposits may reflect a period of subaerial exposure following the 
flood event during which soil development occurred, probably that of an entisol. 
Thin section analysis fi-om an orientated sample o f siltstone (Fm) from the basal part of the logged 
section clearly shows evidence for pedogenic modification (Figure 5.8E). The siltstone is poorly 
sorted and both texturally and compositionally immature. Detriial grains are dominated by angular to 
sub-rounded micas, quartz and carbonates supported within a carbonate mud-silt matrix. Mica 
grains show a dominant horizontal to sub-horizontal orientation. The mud matrix commonly forms 
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Figure 5.8 - A: Overview of the eastern side of 
Barranco del Tomate (GR.963283 . Note the 
difference in dip of beds t>etween ower and 
upper parts of the section, possibly representing 
an intraformational unconformity. 
B: Basal part of the logged section (Figure 5.7) 
characterised by intert>edded sheetflood and 
debris flow deposits. The location of figures 
5 8C and D are arrowed. Observed section = 
22m high 
C: Interbedded sheetflood conglomerates and 
sandstones from the basal part of the Barranco 
del Tomate section (GR.963283). Palaeocunent 
direction from right to left. Hammer length = 
35cm. 
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J j r J i t 
Figure 5.8 (ctd) - D: Interbedded sheetflood conglomerates and sandstones from the mid part of the 
Barranco del Tomate section (GR.963283). LIthofacles Sm represents deposition by hyperconcentrated 
sheetflood deposits. These poorty sorted sandstones commonly display a weak lamination or thin 
lenses of imbricated gravels (marked with *). Scale: 1cm = 1.5m 
E: Interbedded sheetflood conglomerates from the upper pari of the Barranco del Tomate section, 
observed from an exposure 100m upstream from the logged section. Field of view = 15m. 
F: Onentated thin section in cross-polansed light of a hyperconcentrated sheetflood sandstone from the 
lower part of the Barranco del Tomate section. The sandstone Is poorly sorted and comprises detrital 
grains of quartz, mica and carbonate grains supported within a carbonate mud-silt matrix. Many of the 
larger clasts are surounded by a mud envelope (arrowed). 
1.59.1 
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thin coatings or envelopes around the grains. The beginnings of nodule development is also evident. 
Nodules appear to be coalescent glaebule forms suggesting the development of a rudimentary 
carbonate soil typical of a Stage 1 development (Gile et a/., 1966). Immature textural and 
compositional characteristics suggests that the sediment is locally derived. The preferred horizontal / 
sub-horizontal orientation of mica grains probably relates to compaction upon burial and 
lithification. 
Section interpretation 
The sedimentary succession within Barranco del Tomate is dominated by interbedded sheetflood 
deposits which form a series of small-scale coarsening and fining upward sequences (Figure 5.7). 
Conglomerates (Gm) were deposited by laterally unconfined fluvial sheetflood events whilst the 
sandstones (Sm) and siltstones (Fm) represent deposition by h>'perconccntrated floods. These 
deposits are typical of an alluvial fan environment (Bull, 1972; 1977) in which sedimentation occurs 
during low frequency, high magnitude flood events. 
The presence of weak unconformities and small-scale coarsening/fining sequences (Figure 5.7 & 
5.8A) may reflect switching of the main depositional area of an alluvial fan (Heward, 1978; Harvey, 
1989). Palaeocurrent directions indicate that the alluvial fan prograded towards the south. Slight 
deviations in palaeocurrent directions to the southeast and southwest may correspond to individual 
depositional lobes. 
ii) Rambia del Toyo. GR.972283 
Sediments exposed within Rambia del Toyo (Figure 5.4A) form the type section for the Cuevas 
System. Basal parts of the section are composed of yellow pebbly sands which correspond to 
shoreline deposits of the Vera Member (Espiritu Santo Formation). These marine sediments pass 
upwards into continental reddish coloured interbedded conglomerates, sandstones and siltstones of 
the Salmeron Formation. Clast assemblages from the Salmeron Formation sediments are 
characterised by equal proportions of Ballabona and Variegato Units (Figure 5.4B). Palaeocurrent 
directions are variable but generally indicate transportation towards the south (Figure 5.48). 
The sedimentary succession is depicted within a sedimentary log (Figure 5.9) whilst an overview of 
die section is presented within a photo mosaic (Figure 5.10A). 
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Figure 5.9 - Sedimentary log through the Rambia del Toyo section. 
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a) Sheet-form fades 
i) Matrix Supported Conglomerates 
Conglomerates of lithofacies Gms and Gm comprise these deposits. The conglomerates form rare, 
well defined units up to 1.7m thick that can be traced laterally over several tens of metres (Figure 
5.10A). Lacking internal structure and poorly sorted, the conglomerates are composed of angular to 
sub-rounded gravel to boulder size ciasts supported within a variable silt-sand matrix. Rare 
oversized ciasts up to 0.5m in diameter arc present, usually distributed randomly throughout units of 
conglomerate. The conglomerates represent deposition by cohesive debris flows similar to those 
described by Bull (1977), Harvey (1984) and Wells & Harvey (1987). A lack of poor sorting, lack 
of internal structure and matrix support of ciasts suggest that the debris flows were viscous with a 
low water content (Costa, 1988). 
a) Poorly sorted sandstones 
Composed of poorly sorted fine sandstones and siltstones corresponding to lithofacies Sm and Fm, 
these deposits fi'equently occur within the Rambla del Toyo section, interbcdded \vith conglomerate 
units. Up to 2.3 m in thickness, the sandstones form laterally persistent units that can be traced over 
several tens of metres. Sandstone units tend to lack any internal structure or rarely, display a weak 
internal bedding that are sometimes graded normally. Textu.rally, the sandstones are immature, 
containing isolated floating ciasts of gravel and pebbles which are usually imbricated. 
The sandstones represent deposition by h>perconcentrated sediment flows which were viscous and 
cohesive enough to support the floating ciasts of gravel and pebbles. The deposits arc similar to the 
h>'perconcentrated deposits described by Costa (1984), Wells & Harvey (1987) and Costa (1988). 
Hi) Moderate to well sorted sheet conglomerates 
Fluvial deposits dominate the Rambla del Toyo section and are present throughout the sequence as 
sheet like bodies of conglomerate depicted by lithofacies Gm and Gh (Figure 5.9 & 5.I0A). The 
conglomerates form massive or well bedded lensed units up to Im thick that can be traced laterally 
over several tens of metres. Basal parts of conglomerate units form minor planar erosion surfaces cut 
into underlying fine sandstones or siltstones. Texturally, the conglomerates are moderately well 
sorted, composed of clast supported gravels, pebbles and cobbles that arc well imbricated (Figure 
5.10 C,D). Within lower parts of the section the conglomerates are characterised by lithofacies Gh 
which are thinly bedded, very well sorted and are commonly interbedded with white and pink 
coloured siltstones (Figure 5. IOC). Upper parts of the section are dominated by lithofacies Gm and 
form thicker, less well sorted conglomerates (Figure 5.10D). 
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Figure 5.10 - A: View westwards to the Rambia del Toyo type section (GR.972283) showing pink coloured alluvial fan sediments of the Salmerdn Formation (a) 
overlying yellow coloured shoreline sediments of the Espiritu Santo Formation (b). The approximate stratigraphic contact is marked by a white line. The arrow 
shows the location of photos B to D which are arranged in ascending stratigraphic order. Section height = 40m. B: Thin beds of pedoturbaled fine sandstone (white 
arrows) conesponding to a distal alluvial fan environment intert>edded with massive lacustrine (?) siltstones. Pencil length (black arrow) » 14cm. C: Imbricated 
gravel conglomerates interbedded with massive lacustrine (?) siltstones. Pencil length = 14cm. D: Weakly imbricated pebble conglomerate with a flow direction 
from left to right (photo is slightly oblique). The conglomerate is supported within a silt matrix and corresponds to a fluvial sheet-flood. Note the high proportion of 
grey coloured dasts derived from the Ballabona Unit of the Sierra Almagra. Pencil length = 14cm. 
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The conglomerates represent deposition by laterally unconfuied sheetflood events (Hogg, 1982; 
Blair, 1987). Clast imbrication, the presence of well defined bedding and the well sorted, clast 
supported texture are all diagnostic characteristics of water laid sheetflood deposits (Bull, 1972; 
Bull, 1977). Scouring at the base of some deposits suggests that flood waters were turbulent, a 
feature commonly associated with sheetfloods (Blair, 1987). 
b) Pedogenic modification 
Pcdogenic modification is most apparent within the lower parts of the section, in siltstones and fine 
sandstones which directly overlie the shoreline deposits of the Espiritu Santo Formation. Massive 
and weakly laminated, the siltstones and fine sandstones are t>'pically pinkish or white coloured and 
commonly display a grey mottling (Figure 5.10B). These are pedogenic features characteristic of 
poorly developed soils or entisols (Soil Survey Staff, 1975). The presence of grey mottles and colour 
banding may suggest some kind of reduction within the sediment, possibly indicating ponding of 
water (mottles) or water table fluctuations (banding). The presence of these reduction characteristics 
characterises the soil as a hydromorphic entisol (Buurman, 1975; Wright & Allen, 1989). Siltstone 
and fine sandstone units within the upper parts of the section lack these pedogenic characteristics. 
Section Interpretation 
The Rambia del Toyo section shows a conformable sequence fi-om marine shoreline sediments of the 
Espiritu Santo Formation through to continental sediments of the Salmeron Formation. Upper parts 
of the section are clearly dominated by interbedded debris flow and sheetflood deposits. The lateral 
persistence of these sedimentary units suggests that flows were laterally unconfined. Shcetflood and 
debris flow deposits formed by laterally unconfined flood events are typical of an alluvial fan 
depositional setting (Bull, 1972; 1977). 
The mid parts of the section represents a transitional zone between shoreline sediments of the Vera 
Member (Espiritu Santo Formation) and alluvial fan sediments (Salmeron Formation). According to 
Walther's law (1894) these pedogenically altered siltstones and fine sandstones from the mid section 
were deposited in an area distal to the previously described alluvial fan sediments. It is common 
within distal areas of alluvial fans for lacustrine environments to develop ((Hardie et al. 1978; Allen 
& Collinson, 1986; Shaw & Thomas, 1989; Blair & McPherson, 1994). The hydromorphic 
characteristics of the siltstones and sandstones (mottling and colour banding) certainly suggests that 
water was present for significant periods of time once deposition had occurred. Interbedding of 
siltstones with conglomerates indicates that the size of the lacustrine area often changed suggesting 
164 
Chapter 5: Evolution of the Primary Drainage Systems 
that the lake may have been ephemeral in nature, with its size controlled by water availability and 
rates of sediment input fi-om the adjacent alluvial fan. 
The overall coarsening upwards of the sequence at Rambla del Toyo probably corresponds to the 
progradation of the alluvial fan over the former marine shorelines and lacustrine area. 
iii) El Calguen'n : GR.985293 
The El Calguerin section forms the eastern most part of the Cuevas System and was first considered 
within Chapter 3 (Section 3.4.3) where the lower and mid parts of the section were described as part 
of the Vera Member (Espiritu Santo Formation) northern margin fan-delta sequences. Upper parts of 
the section are characterised by red coloured interbedded conglomerates and sandstones of the 
Salmeron Formation and represent the topset beds of the northern basin margin fan-delta sequences. 
These sediments were deposited within an alluvial fan setting, dominated by fluvial processes. The 
main sedimentary characteristics were described within section 3.4.3 and are therefore not repeated 
in detail here. However, the El Calguerin section does form an important part o f the Cuevas System 
and is briefly considered in terms of its provenance, palaeocurrent directions and depositional styles 
for contrast with other parts of the Cuevas System. 
A sedimentary log of the El Calgucrin section is presented within Figure 5.11 A. Palaeocurrent data 
indicates a transport direction towards the southeast, whilst clast assemblages are dominated by 
meta-carbonate and mica-schist lithologies fi-om the Variegato unit of the Alpujarride Complex. 
Lower parts of the Salmeron Formation sequences are composed of interbedded gravel 
conglomerates (Gh), medium-coarse sandstones (Sh) and red pedogenic siltstones (Fm). The 
conglomerates infill small scoured surfaces (0.3m max) and are very well sorted, well bedded and 
show a clear clast imbrication (Figure 5.1 IB). Sandstones form couplets (one clast to 0.3m thick) of 
well sorted medium and coarse sand which form normally graded units, oflen fining upwards from 
underlying gravel-pebble conglomerates (Figure 5.I1C). Both the conglomerates and sandstones 
suggest a fluvial origin. Their clear stratification, good sorting and an abundance of scoured surfaces 
are similar to water laid deposits of ephemeral flash flood streams as described by Reid and Frostick 
(1989). 
These lower sequences suggest that flood waters were confined to a series of broad, shallow 
channels, in contrast to more typical debris flow and sheetflood processes observed within other 
parts of the Cuevas System. This is consistent with the fen-delta setting of the El Calguerin section 
and suggests a more fluvial type of fan similar to a fluvial distributary system. 
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Figure 5.11 - A: Sedimentary log 
through the El Calguerfn section 
GR985293). Photos B and C are 
taken from the basal pari of the 
topset beds at this locality. 
B: Well sorted, imbricated ephemeral 
stream gravels (Gh) interbedded with 
coarse sands. Pencil length = 14cm. 
C: Sheet conglomerate (a) overlain 
by couplets of coarse and fine sand 
(b). Pencil length = 14cm. 
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iv) Rambla Cirera: GR.981283 
Sedimentary units of the Salmeron Formation exposed within Rambla Cirera (Figure 5.4A) provide 
an insight into a more distal region o f the eastern part of the Cuevas System. The continental 
sediments are composed of pink coloured interbedded conglomerates, sandstones and siltstones that 
conformably overlie marine shoreline and fan-delta deposits of the Vera Member (Espiritu Santo 
Formation). Sequences exposed along Rambla Cirera have been subjected to a high degree of 
deformation, characterised by faulting and tilting of beds (Figure 5.I2A,B) which has made 
reconstruction of the sedimentary succession difficult, particularly within the upper sequences. The 
deformation is considered in more detail within Chapter 4. Generally though, the sedimentar)' 
succession coarsens upwards, characterised by well bedded siltstones and sandstones which grade 
upwards into conglomerates in the upper parts of the succession. 
a) Sheet-form fades 
i) Matrix supported conglomerates 
The matrix supported conglomerates correspond to lithofacies Gms and Gm and form a scries of 
distinct, laterally persistent units up to 2.5 m in thickness which can be traced over several tens of 
metres (Figure 5.I2A,B). The conglomerates are either massive, lacking any internal structure or 
show an ill-defined bedding often associated with normal or reverse grading. Texturally, the 
conglomerates are poorly sorted and are composed of angular to sub-rounded gravel to boulder size 
ciasts supported within a variable silt-sand matrix. Ciasts sometimes show a weak imbrication or 
vertical orientation. Rare, oversized ciasts up to 0.5m in diameter are present. 
The conglomerates are interpreted as debris flows similar to those described by Costa (1984; 1988) 
and Wells & Harvey (1987). Massive conglomerates with a high proportion of matrix and very poor 
sorting are typical of more cohesive debris flows where sediment has move as a thick viscous mass 
with little water content (Costa, 1988). In contrast, the conglomerates which show a weak internal 
bedding, less matrix and some clast imbrication suggest a non cohesive debris flow and are similar to 
the transitional deposits of Wells & Harvey (1987), an intermediate deposit between debris flow and 
fluvial. 
ii) Poor to moderately sorted sheet conglomerates and sandstones 
These sheet conglomerates and sandstones dominate the Rambla Cirera section where they are 
composed of conglomerates and sandstones corresponding to lithofacies Gm, Gh, Sm and Sh. 
Lithofacies Gm occurs as lensed units of conglomerate up to 2m thick which can be traced laterally 
over several tens of metres. Moderately well sorted, the conglomerates are composed of clast 
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Figure 5.12 - A: Eastern side of Ramble CIrera section (QR.981283) showing a series of 
rotated alluvial fan conglomerates (Gms, Gm), sandstones and siltstones (Sm, Fm). Scale: 
1cm = 1.5m. 
B: Detail of a conglomerate bed (a) overtying a series of laminated siltstones (b) with rare 
lenses of conglomerate (arrowed) from the basal part of the Rambia Cirera section. Rucksack 
height = 0.45m. 
C: 100m upstream from the main Rambia Cirera section. The exposure is on the eastem side 
of Rambia Cirera and corresponds to the mid part of the sedimentary succession. Intertjedded 
conglomerates and sandstones represent deposition by sheetflood events. Section Height = 
10m. 
I 
r 
D: Detail from the basal part of photo C showing interbedded sheetflood conglomerates (Gm, 
Gh). sandstones and siltstones (Sm. Fm). Rucksack height = 0.45m. 
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supported texturally immature gravels, pebbles and cobbles that are often imbricated. Basal parts of 
units are erosive and planar in form. Conglomerates of lithofacies Gh tend to occur as thin lenses of 
conglomerate up to 0.5m thick, interbedded with poorly sorted sandstones. Ciasts are well imbricated 
and commonly supported within a sandy matrix. 
Sandstones of lithofacies Sm and Sh are common within the lower most parts of sequences where 
they are seen to grade up from the marine shoreline and fan-delta sediments of the Espiritu Santo 
Formation. The sandstones are moderate to well sorted and are commonly well bedded on a 
centimetre scale (Figure 5.12B). Individual beds show evidence for pedogenic modification (see 
below) and are usually massive, lacking any internal structure. Thin lenses of gravels are often 
interbedded with the sandstones. 
The conglomerates and sandstones are typical of sheetflood events similar to those of Hogg (1982) 
and Blair (1987). The lateral persistence of units indicates that deposition occurred by laterally 
unconfined flows. Planar erosive bases of conglomerates indicates turbulence within flows. Clast 
imbrication and moderate sorting of conglomerates suggests that sediments were deposited under 
fluvial conditions. 
b) Pedogenic modification 
Pedogenic modification is confined to sandstone and siltstone units within lower parts of the 
succession. Many of the sediments show a distinct red, pink or white colouration often producing a 
colour banding and mottling similar to that described within Rambla del Toyo. The pedogenic 
modification is characteristic of a pooriy developed soil or hydromorphic entisol (Soil Survey Staff, 
1975), produced by ponding of water or by fluctuating water tables (Buurman, 1975, Wright & 
Allen, 1989). These fine sediments may also be of a lacustrine origin. 
Section Interpretation 
The domination of unchannelised debris flow and sheetflood deposits are typical of an alluvial fan 
environment of deposition. The general coarsening upwards of the Rambla Cirera succession 
indicates the progradation of an alluvial fan (Heward, 1978). Sandstones and siltstones within the 
basal parts of the succession were probably deposited in a distal alluvial fan area. Pedogenic 
modification of these sediments suggests an area which was temporarily ponded with water or was 
affected by high water tables which could be explained by the presence of an ephemeral lake. These 
are conunonly observed within modem distal alluvial fan settings (Hardie et al. 1978; Allen & 
Collinson, 1986; Shaw & Thomas, 1989; Blair & McPherson, 1994). 
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v) Zut i ja (GR. 982272) 
The Zutija locality corresponds to the most distal part of the Cuevas System (Figure 5.4A). Basal 
and mid parts of the section are characterised by interbedded sillstones and sandstones of the Coastal 
Plain Association of the Almanzora Member (Espiritu Santo Formation) (Section 3.5.2) which grade 
conformably up into interbedded siltstones, sandstones and gypsum of the Salmeron Formation 
(Figure 5.13A,B)- Lower parts of the Salmeron Formation sequence comprise pink and white 
coloured beds of siltstone and rare fine sandstones up to 0.7m thick that are interbedded with thin 
horizons of gypsum (0.05 to 0.3m thick) (Figure 5.13C). Gypsum beds increase in number and 
thickness up sequence until the uppermost part o f the succession, which is completely dominated by 
bedded gypsum (Figure 5.13D). 
The g>TDSum sequence appears to be part of the Salmeron Formation due to its stratigraphic position 
above the pink-white coloured distal alluvial fan/lacustrine sediments. The presence of gypsum is 
significant suggesting the presence of an ephemeral saline or playa lake within a distal area to the 
main alluvial fan. A change through the sequence fi-om interbedded siltstones and gypsum to bedded 
gypsum is typical of a saline mudflat and salt pan setting described by Hardie et al. (1978). In this 
case the siltslones were probably deposited from suspension after a flood event around the margins 
of the lake whilst the salt pan developed in the central area, formed by concentration and evaporation 
of the flood waters. Subsequent flood events fi"om the alluvial fan resulting in surface runoff 
probably recharged the lake in order to produce the 8m of gypsum observed within the uppermost 
part of the succession. The presence of these evaporite deposits is also of climatic significance for 
the Salmeron Formation in general. Playa lakes tend only to form in modem hyperarid, arid and 
semi-arid settings where evaporation greatly exceeds rates of precipitation (Glennie, 1970; Hardie et 
aL, 1978; Shaw & Thomas, 1989) and therefore suggests a similar hyper to semi-arid climatic 
setting during Salmeron Formation times within the Vera Basin. 
5.3.3 Evolution of the Cuevas System 
i) Depositional Setting 
The Cuevas System represents the development o f a series of alluvial fans sourccd from the Sierra 
Almagra on the northern margins of the Vera Basin. Several lines of evidence support an alluvial fan 
environment of deposition: 
170 
Bedded 
gypsum 
lntert)edded 
# siltstones & 
gypsum 
Figure 5.13 - A: Sedimentary 
log through the Zutija section. 
B: Photo mosaic of the Zutija 
section. The upper parts of the 
section comprise distal alluvial 
fan siltstones (C) and playa 
lake evaporite deposits (D). 
Stratigraphic contact is 
arrowed. 0 : Interbedded 
siltstones. muds and gypsum 
deposits representing distal 
alluvial fan and playa lake 
deposits. Hammer length = 
0.35m. D: Bedded gypsum 
deposits corresponding to 
deposition within a playa lake. 
Rucksack height = 0.45m. 
Chapter 5: Evolution of the Primary Drainage Systems 
\. Aerial photograph analysis of the northern margin of the Vera Basin clearly illustrates the 
remnants of an alluvial fan morpholog>' in the western and central areas o f the Cuevas System 
(Figure 5 .6). The fan is sourced from the Variegato region of the Sierra Almagra and is possibly 
backfilled into the Sierra Almagra, although this is difflcult to resolve in the field. 
2. The summary palaeocurrent diagram of the Cuevas System displays a consistent unimodal but 
radial distribution pattern (Figure 5.1 A) which is typical of thai generated by an alluvial fan 
(Bull, 1972). 
3. Logged sedimentary sequences all show a coarsening upwards, a feature commonly observed 
within other ancient fan sequences formed by the progradation of an alluvial fan (Steel et al., 
1977; Heward. 1978). 
4. Sheet-form facies dominate the sedimentary sequences. Debris flow and sheet-flood 
conglomerates occur within more proximal mountain firont regions and decrease in abundance 
away from the mountain front in a perceived downfan direction, becoming dominated by 
sandstone and siltstone sheetfloods in distal areas. These proximal to distal facies variations 
concur with the typical alluvial fan facies models as proposed by Bull (1972; 1977) and Miall 
(1978). 
5. The presence of lacustrine sediments in distal mountain front areas indicate the existence of a 
playa lake which are commonly associated with distal alluvial fan environments within arid and 
semi-arid settings (Glcnnie, 1970; Hardie et al., 1978). 
It is clear from aerial photographs and geological maps of the Cuevas System that a single alluvial 
fan is present, sourced from the Varicgato region (Figures 5.5 & 5.6). However it is typical for 
linear mountain fronts, as is the Sierra Almagra, to be composed of a series o f coalescing alluvial 
fans (Bull, 1977). The existence of other alluvial fans is unclear from aerial photograph evidence. 
However, evidence from the geological map of the Cuevas System shows back-filled alluvial fan 
sediments to the west of the modem Rio Almanzora (Figure 5.5). A third alluvial fan is inferred to 
have originated from the modem exit point of the Rio Almanzora in order to be consistent with the 
positioning and source of the northern basin margin Pliocene fan-delta from this area. Sediments 
from the El Calguerin section are more typical of ephemeral stream deposits unlike the sheetflood 
dominated fan deposits seen in Barranco del Tomate and Rambla del Toyo. The presence of 
ephemeral stream deposits may relate more to the fan-delta setting of the EI Calguerin section with 
streams acting as feeder channels to the delta fi-ont. 
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Figure 5.14 - Palaeogeographic reconstruction of the Cuevas System. A: Early Cuevas 
- development of an alluvial fan over the Marginal fan-delta . Construction of small 
solitary alluvial fans over the coastal plain areas and retreating Pliocene sea shorelines. 
B: Late Cuevas - full continental conditions and establishment of a series of large, 
coalescent alluvial fans and a playa lake. The fan-delta body in the south forms a 
positive topographic relief and watershed for the Cuevas System. C : P o s t Cuevas - the 
present day drainage pattern shows dissection of the alluvial fan surfaces by a series of 
small streams which drain into the Rio Almanzora In the east. The modem day Rio 
Almanzora has developed from the same exit point as the Early Cuevas northem margin 
fan-delta. 
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ii) Palaeogeography of the Cuevas System 
The evolution of the Cuevas System is traced using a series of palaeogeography maps which have 
been constructed on the basis of sedimentary and stratigraphical evidence. The evolution is described 
in relative time stages based upon approximate stratigraphic sub-divisions. 
a) Early Cuevas System (Figure 5.14A) 
The marked palaeogeographic changes that affected the Vera Basin during the deposition of the 
Espiritu Santo Formation (Chapter 3) provided the topography onto which the Cuevas System 
developed during the final rcgressional phases of the Pliocene Sea. Initial alluvial fan development 
occurred over the northern basin margin fan-delta sequences, with the alluvial fan sediments in the El 
Calguerin and Cirera regions forming the topset beds of the Gilbert-type fan-delta. Simultaneously, 
smaller alluvial fans were formed within more westerly regions of the Cuevas System (Rambla del 
Toyo and Barranco del Tomate), prograding over the former Pliocene shoreline and coastal plain 
deposits, exposed as the Pliocene Sea retreated. 
b) Late Cuevas System (Figure 5.14B) 
The coarsening upwards of the sedimentary successions within Cuevas System reflects the 
progradation and establishment of alluvial fans within the northern region of the Vera Basin. Within 
the area to the south-west of Cuevas del Almanzora, the sedimentar>' sequences directly overlying the 
coastal plain sediments of the Almanzora Member are characterised by distal alluvial fan sediments 
interbedded with evaporite deposits. These sequences reflect the most distal area of fan sedimentation 
and mark die maximum basinwards extent of the Cuevas System. Within this topographically 
lowermost point, the occurrence of evaporite deposits correspond to the development of an ephemeral 
playa lake which formed during the later stages of fan sedimentation. Initial development of the lake 
was periodic, reflected by the interbedding of gypsum with distal alluvial fan deposits. Later 
development saw the establishment of the playa lake, reflected by a continuous 10m thickness of 
gypsum deposits. 
c) Post-Cuevas System (Figure 5.14C) 
The modem drainage pattern within the Vera Basin is inherited from the primary Plio/Pleistocene 
drainage patterns formed during the development of the Cuevas System. The positioning of the 
Marginal fan-delta is significant as this marked the point o f entry of the Rio Almanzora into the Vera 
Basin. 
174 
Chapter 5: Evolution of the Primary Drainage Systems 
5.4 T H E S A L M E R O N S Y S T E M 
5.4.1 Introduction 
The Salmeron System is located in the northwestern region of the Vera Basin (Figure 5.15 A) and is 
composed of red coloured conglomerates, sandstones and siltstones. The system forms the thinnest of 
the Plio/P!eistocene drainages of the Sahneron Formation, reaching up to 40m in thickness. 
Stratigraphically, sedimentary units of the Salmeron System lie unconformably on metamorphic 
basement or conformably over shoreline and coastal plain sediments of the Almanzora Member 
(Chapter 3: Section 3.5.2). The principal elements of the clast provenance, palaeocurrcnt directions 
are described below. These arc then followed by detailed sedimentological descriptions from a series 
of six key localities that show proximal, distal and marginal areas of sedimentation widiin the 
Salmeron System: 
1. Old N340 -Rambla Ballabona: GR.943278 Proximal 
2. Homo de Ycso: GR.948270 
3. Los Clavos-Rambla de las Cajas: GR.938256 
4. Los Valencianos: GR.962264 Distal 
5. Santa Barbara: GR.9I4337 Almanzora Corridor 
Due to the positioning of the Salmeron drainage system between the Sierra de los Filabrcs to the 
west and die Sierra Almagra to the north, clast assemblages correspond to both the Nevado-Filabride 
and Alpujarride Complexes (nomenclature of Bicker, 1966) (Figure 5.15B). In proximal areas of the 
Salmcron System, clast assemblages are dominated by meta-carbonates o f Lisbona Unit (Nevado-
Filabride Complex) and weakly metamorphosed green schists of the Ballabona Unit (Alpujarride 
Complex). These clast assemblages are derived locally from the northwestern most region of the 
Vera Basin. In more distal, basinal areas, the clast provenance becomes more varied, characterised 
by the appearance of tourmaline gneisses, amphibolites and mica-schists from the Bedar, Chive and 
Mevado-Filabride Units (Nevado-Filabride Complex) sourced from the western basin margins. 
Palaeocurrents from the Salmeron System indicate a dominant southeasterly transport direction 
towards the centre of the Vera Basin (Figure 5.I5B). Locally, the palaeocurrent directions are 
variable due to the diverse nature of the alluvial sediments which comprise the Salmeron System. 
175 
Chapter 5: Evolution of the Primary Drainage Systems 
5.4.2 Sedimentology 
i) Old N340 - Rambla Ballabona: GR.943278 
Proximal areas of the Salmeron System are exposed in a series of localities along the old N340 (road 
to Huercal-Overa) and the recently constructed motorway (Figure 5.15A). The principal, and most 
easily accessible outcrop occurs at GR.943278 in an abandoned part of the old N340 road. 
Sedimentary units of the Salmeron Formation at this locality are characterised by interbedded 
conglomerates, sandstones and pedogenically altered siltstones. Stratigraphically, the basal contact is 
not exposed at this locality, although 500m northwards a small exposure within Rambla de la 
Ballabona displays a clear basal unconformity with metamorphic basement of the Ballabona Unit. 
The N340 section is represented by a field sketch diagram and a complimentary 'unit diagram' 
within Figure 5.16. 
a) Sheet-form fades 
The sheet-form facies occurs within the basal part of the N340 road section (Unit 1: Figure 5.16) 
where it is composed of sandstones of lithofacies Sm that form a laterally persistent unit up to 1.5m 
thick that can be traced the length of the section. Poorly sorted, the sandstones contain numerous 
floating clasts of gravel and pebbles that often infill scoured surfaces or form thin lenses of 
conglomerate up to 0.1m thick that can be traced laterally over several metres (Figure 5.17B). 
Elongate clasts within the conglomerate lenses have an imbricated appearance. At the northern end 
of the section the sandstones are characterised by a nodular honeycomb weathering texture (Figure 
5.17C). Many of the nodules have an elongate appearance with a vertical orientation. 
Poor sorting and the presence of floating clasts and lenses of conglomerate supported within the 
sandstones are characteristic o f hyperconcentrated sediment flows similar to those described by 
Costa (1984; 1988) and Wells & Harvey (1987). These sediments represent intermediate conditions 
between debris flow and flood waters. The scoured surfaces suggest that flows were partially 
turbulent whilst clast imbrication indicates the sediment charged flood waters were fluid enough in 
places to imbricate clasts. 
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1. N340 Section GR.943278 
2. Homo de Yeso GR.948270 
3. Los Clavos GR.938256 
4. Los Valencianos GR.962264 
5. Santa Barbara GR.914337 
B : 
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Figure 5,15 - A: Location map of the Sa!mer6n System. Numbers 1 to 6 correspond to 
the localities referred to within the text. B: Summary characteristics of the Salmer6n 
System. 
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b) Bar-form fades 
The bar-form facies occurs within the mid and upper parts of the N340 road section in Units 2 and 4 
(Figure 5.16 & 5.17A). They comprise interbedded conglomerates and rare sandstones of lithofacies 
Gm, Gh and Sm which form poorly defined beds between 0.5 and 0.7m in thickness. Lilhofacies Gm 
is characterised by poor to moderately sorted conglomerates supported within a sandy matrix. The 
conglomerates commonly infill poorly defined scoured surfaces and fine upwards into poorly sorted 
gravelly sands (Sm). Lithofacies Gh is characterised by moderately sorted, clast supported 
conglomerates that display a weak horizontal bedding. Individual beds are up to 0.3m thick and can 
be traced laterally over several metres. Locally the conglomerate develops poorly defined low angle 
planar cross-beds. 
Conglomerates of lithofacies Gm and Gh represent the development of longitudinal bars. Scouring 
and the coarser clast populations were probably deposited by turbulent flood waters, whilst the 
sandstones were deposited during waning flow. Lithofacies Gm and Gh probably correspond to the 
core of longitudinal bars which grew from diffuse gravel sheets (Smith, 1974; Hein & Walker, 
1977). Localised cross-bedding may correspond to the development of transverse bars (Smith, 1970; 
1974). 
c) Channel facies 
The channel facies is present within Units 4 and 5 in the upper parts of the N340 section (Figure 
5.16 & 5.17A). Channels are generally broad, lensed features up to 0.5m deep and 5m wide that are 
infilled with massive, structureless conglomerates of lithofacies Gm. Within central parts of die 
section, several channels are stacked on top of each other producing a multi-storey arrangement. 
Well sorted and clast supported, the conglomerates comprise angular to sub-rounded clasts of gravel 
and pebbles with very little sand. Within Unit 4, smaller channel features and scoured surfaces are 
present, infilled with poor to moderately sorted, cross-bedded conglomerates o f lithofacics Gh and 
Gp. 
Channel geometry is characteristic of ribbon bodies as described by Friend et al. (1979). The larger, 
well defined multi-storey, charmel fill conglomerates are typical of simple channel fills and are 
similar to those described by Ramos & Sopena (1983) with channel fills relating to deposition of 
gravel bars in low sinuosity streams. A lack of internal structure and uniform textural characteristics 
of these conglomerates suggest that the chaimel fills may relate to a single flood event. The smaller 
cross-bedded chaimel fill conglomerates within Unit 4 are closely associated with gravel sheets and 
longitudinal bar-forms described above. It is possible that these smaller channel fills relate to lateral 
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North 
Figure 5.17 
section. 
Sedimentary detail from the N340 road 
A: Photo mosaic of the southern end of the road 
section. Numt)ers relate to the unit diagram from 
Figure 5.15. Scale: 1cm = 0.75m. 
Unit 5 - clast supported pebble conglomerate 
channel fills with a lensed geometry. 
Unit 4 - matrix supported gravel-pebble 
conglomerates and sandstones corresponding to 
poorly developed bar-forms that grade laterally into 
channel fills. 
Unit 3 - red palaeosol (5YR 5/6) developed into a 
massive sandstone interchannel facies. 
Unit 2 - variable clast and matrix supported 
conglomerates and sandstones corresponding to 
poorly developed longitudinal bar-forms. 
Unit 1 - massive sandstones with rhizoliths and rare 
sheets of gravel corresponding to distal sheet-floods 
within an alluvial fan environment. 
B: Detail of Unit 1 showing root traces (rhizoliths) 
(arrowed) which forni a poorty developed honeycomb 
framework. Field of view - 1 m. 
C : Lower part of Unit 1 showing laterally impersistent 
sheets of matrix supported gravels (arrowed). Pef>cil 
length = 14cm. 
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accretion of longitudinal bars which downfill the sides of channels during waning flood (McGowen 
& Groat, 1971; Fraser & Fishbaugh, 1980; Ramos & Sopena, 1983). 
d) Inter-channel fades 
The inter-channel facies is present within Unit 3 in the mid part of the N340 road section (Figure 
5.16 & 5.17A). The facies is composed of massive to weakly laminated siltstones and fine 
sandstones of lithofacies Fm and Sm which form a Im thick lensed unit confined to the southem part 
of the section. These sediments have a strong red colouration (5YR 5/6: bright reddish brown), 
which is particularly well developed in the more massive upper parts of Unit 3. Thin laminar calcretc 
development is also evident within the facies. 
The massive sandstones and siltstones were probably deposited from suspension under low energy 
conditions. Such conditions are found in floodplain areas or inactive, abandoned channels of braided 
river systems both of which are subject to occasional flooding (Williams & Rust, 1969). 
e) Pedogenic modification 
Pedogenic modification is present throughout sediments of the N340 section. Nodules developed 
within the sheetflood sandstones of Unit 1 at northem end of the section probably correspond to 
pedoturbation by roots. These represent rhizoliths {sensu Klappa, 1980) which correspond to 
carbonate replacement of former root traces within the sediment. The strong red colouration with the 
interchannel sandstones of Unit 3 corresponds to haematitic reddening within a palaeosol. Laminar 
carbonate development within the same unit corresponds a Stage I I / I I I of Gile et al. (1966). Soil 
development appears to be confined to the sedimentary units dominated by finer sediment. 
Interchannel sediments such as those in Unit 3 commonly represent marginal areas to the main active 
channels and generally represent areas that are abandoned for long periods o f time allowing for 
extensive soil development to occur. Such areas are commonly observed within modem braided 
channel systems (e.g. Williams & Rust, 1969). The intense reddening and laminar carbonate 
development suggest the occurrence of an aridsol. 
Section Interpretation 
Basal parts of the section correspond to deposition within a distal alluvial fan environment. The 
conglomerates and sandstones formed by laterally unconfined sheetfloods are typical of deposition 
widiin alluvial fan environments (Bull, 1972; 1977). The mid and upper parts of the section reflect 
the occurrence of a braided stream system. Initial deposition is characterised by poorly developed 
longitudinal bars deposited within a series of ill-defined, broad shallow chamiels. These simple unit 
bars (terminology of Smith, 1974) are typical of poorly developed modem braided systems 
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(Williams & Rust, 1969). Channelisation of sediments becomes more evident within the upper parts 
of the section and suggest a slight increase in maturity of the streams. The contrasting styles of 
channel fill (massive and cross-bedded) may reflect the variable nature of flood events that formed 
the stream system. Massive, structureless fills probably correspond to larger flood events. 
It is not clear from this locality whether the braided stream deposits are part o f a charmel system on 
an alluvial fan (e.g. Maizels, 1990) or are part of a stream system which developed without any 
relationship to the underlying alluvial fan sediments. This will become clearer from other localities 
within the Salmeron System (e.g. Homo de Yeso & Los Valencianos). 
ii) Horno de Yeso: GR.948270 
The Homo de Yeso section forms the type locality for the Salmeron System (Section 3.5.5). Located 
within a proximal area of the Salmeron system, the section is exposed in a road cutting along the 
road to Lubrin, adjacent to the g>'psum processing works at Homo de Yeso (GR.948270) (Figure 
5.15A). Sedimentary units at this locality are composed of a complex series of interbedded 
conglomerates, sandstones and siltstones. No basal contact is exposed. A field sketch and 
complimentary summary diagram (Figures 5.18) show the principle sedimentary and stratigraphical 
features of this section. For ease of description and interpretation of this section, six main units are 
identified (Figure 5.18). The main sedimentary characteristics of these units are described below. 
a) Sheet-form facies 
The sheet-form facics form the lowermost stratigraphic unit, within the central and at the western 
end of the Homo de Yeso section (Unit I & 2: Figure 5.18). They comprise up to 3m of 
conglomerates interbedded with red coloured fine sandstones and siltstones. 
The conglomerates correspond to lithofacies Gm, Gh and Gsc. Lithofacies Gm and Gh form a 
weakly stratified, well cemented bed up to 0.6m thick that can be traced laterally over 8m (Figure 
5.19A). The bed has a well defmed planar erosive base, cut into underiying siltstones. Overall the 
conglomerate bed shows a weak fining upwards trend, becoming sandy within the uppermost part. 
Poor to moderately sorted, the conglomerate is composed of angular to sub-rounded clasts of gravel, 
pebbles and cobbles supported within a silt-sand matrix. Elongate clasts are clearly imbricated 
towards the southeast. Lithofacies Gh and Gsc are less common, generally occurring as thin (0.3m), 
laterally impersistent lenses of conglomerate up to 4m wide. 
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The red coloured fine sandstones and siltstones are characterised by lithofacies Sm, Sh and Fm. 
Lithofacies Sm and Fm are poor to moderately sorted and contain rare floating clasts o f gravel and 
pebbles. The red colouration (7.5YR 5/6: reddish brown) is better developed in these lithofacies 
which also show extensive evidence o f grey mottling and vertical streaks (2.5Y 7/3; dark reddish 
grey), small carbonate nodules and vertically orientated tubular structures. Lithofacies Sh is 
characterised by thinly bedded, poorly sorted fine sandstones which can be traced laterally over 
several metres. 
On the basis of their sheet-like geometry, lithofacies Gm, Gh and Sh represent deposition by 
sheetfloods (Hogg, 1982, Blair, 1987). The lateral persistence of the larger conglomerate bed 
suggests deposition by a laterally unconfined flow. TTie presence of scouring and well defined planar 
erosion surfaces at the base and internally within the conglomerates indicates that flood waters were 
highly turbulent, a typical feature of sheelfloods (Blair, 1987). Lithofacies Sh is also indicative of 
sheetflood deposition, although these may relate to more smaller flood events or fine sediment run-
out deposits from the coarser conglomerate sheetflood deposits. 
Fine sandstones and siltstones of lithofacies Sm and Fm were deposited by hyperconcentrated floods. 
Poor sorting, lenses of gravel and rare isolated floating clasts arc all typical features of these 
intermediate cohesive flows (Costa, 1984; 1988). 
h) Bar-form facies 
The bar-form facies are characteristic o f units 3 and 4 within the Homo de Yeso section where they 
are composed of interbedded conglomerates and sandstones of lithofacies Gm, Gh, Gp and Sm. 
Unit 3, within the mid and upper parts of the westem end of the section is composed almost entirely 
of massive (Gm) and weakly bedded (Gh) conglomerates in lower and mid parts of the unit (Figure 
5.19B,C). Typically, the conglomerates occur in beds up to 0.3m thick. Poorly sorted clasts of 
gravel, pebbles and cobbles are supported within a sandy matrix and overlie pooriy defined, planar 
erosion surfaces. Often the conglomerates fine upwards into poorly sorted sandstones. Clasts are 
commonly well imbricated, particularly within concentrated areas of coarser pebble and cobble 
clasts. Rarely, lithofacies Gm/Gh grade laterally into planar cross-bedded conglomerates of 
lithofacies Gp. Foresets are generally poorly developed, dipping at angles of up to 15° and comprise 
a mixture of sand and gravel. The foresets have asymptotic bases. Within the upper parts of unit 3 
the conglomerates grade up into more sand dominated beds (Sm). 
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Lithofacies Gm and Gh were probably deposited as diffuse sheets of sediment during flood, with thin 
sandstones draped over the conglomerates during vNaning flow (Hein & Walker, 1977; Ramos & 
Sopena, 1983). Imbrication of clasts, typically within concentrated areas o f coarser clasts is 
indicative of high flow velocities which favour long-axis orientation parallel to flow (Rust, 1972; 
Bluck, 1974; Ramos & Sopena, 1983). Planar cross-bedded conglomerates o f lithofacies Gp are 
more typical of transverse or lateral bars (Smith, 1970; 1974; Miall, 1977). Lateral gradation from 
the Gm/Gh into Gp represents the development of a bar slip-face. Such gradations have been 
observed within modem braided rivers, associated with reductions in flow strength, allowing bar 
sediments to vertically aggrade rather than be swept downstream (Hein & Walker, 1977). 
Unit 4, at the eastem end of the section (Figure 5.19C) is characterised by low angle (5**), planar 
cross-bedded conglomerates of lithofacies Gh and Gl, which grade laterally into minor amounts of 
Sm. Typically, these conglomerates are quite coarse, composed of pebble and cobble size clasts 
supported within a sandy matrix. Beds are up to 0.3m thick and can be clearly traced laterally over 
several metres. Clasts are clearly imbricated and show a palaeocurrent direction towards the east. 
Lithofacies Gh and Gl arc typical of longitudinal bars. The bars probably developed from sheets of 
conglomerate during flood when flows were strong enough to move the coarsest clasts (Hein & 
Walker, 1977; Ramos & Sopeiia, 1983). The cross-bedding is produced by the douTistream 
migration of the longitudinal bars. In many cases beds of conglomerate pass over sandier beds and a 
difference in dip between the beds is observed (conglomerates dip upstream, whilst sands dip 
downstream) which may reflect the downstream migration of the bar head over the bar tail (e.g. 
Bluck, 1986). 
c) Channel facies 
The channel facies are located within the lower parts of Unit 3 (Figure 5.19B) and arc characterised 
by symmetrical, lensed bodies of sediment, sometimes with wings. Sediment bodies are typically 
small, up to 2m wide and Im deep, and occur laterally to each other or are stacked vertically. 
Sediments comprise poorly sorted sandy conglomerates of lithofacies Gm and Sm, together with 
minor amounts of Gp and Sp. Basal parts of the sediment bodies are clearly erosive, cutting down 
into previously described sheet conglomerates. The scoured surfaces are commonly infilled with 
coarse, clast supported lags of pebbles and cobbles (Gm) which fine upwards into poorly sorted 
coarse sandstones (Sm). Fills either have a massive, stmctureless appearance or are cut by a series 
of small scoured erosion surfaces. 
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Figure 5.19 - Sedimentary detail of the Homo de Yeso section (GR 948270). A: Detail of Unit 1 
Interbedded sheetflood conglomerates (Gm) and sandstones (Sm) representing deposition within an 
alluvial fan environment. 3cm = 1m. B: Detail from Unit 3 showing a series of cross-bedded channel fill 
conglomerates (a) overlain by conglomerates and sands corresponding to poorly developed longitudinal 
bar-forms (b) The erosion surface between Units 2 and 3 is marked by a dashed white line Notebook 
height = 20cm C: Detail from Unit 4 showing a series of cross-bedded conglomerates and sandstones 
(a) that grade diagonally upwards (white arrows) to the left into interbedded sheet conglomerates and 
pedogenically altered siltstones (b) The sediments correspond to channel fills and poorty developed 
longitudinal bar-forms of an ephemeral stream that grades into alluvial fan sheet-flood sediments Units 
4 and 5 are separated by a thin, continuous calcrete (Black arrow) Notebook height = 20cm. 
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The lensed bodies of sediment correspond to channel fill sediments, and, on the basis of their 
geometry, are similar to the ribbon bodies of Friend et al. (1979) (width.height ratio <15). Channels 
were cut by erosive, turbulent waters during flood. Their fills are either simple or complex 
(terminology of Friend et al., 1979). Simple fills are generally massive and probably correspond to 
single depositional events, whilst complex fills are the product of several depositional episodes, as 
indicated by the presence of numerous small scour surfaces. 
d) Inter-channel facies 
Inter-channel facies are rare throughout the Homo de Yeso section. Sediments are characterised by 
massive red coloured fine sandstones (Sm) and siltstones (Fm) which are present within the upper 
parts of Units 3 and 4. Up to Im thick, the sandstones and siltstones can of^en be traced laterally 
over several metres. The red colouration (7.5YR 5/6; reddish brown) also shows extensive grey 
coloured (2.5Y 7/3: dark reddish grey) mottling and vertically orientated grey coloured streaks, up to 
2cm wide and 20cm long. 
The inter-channel facies were deposited under low energy conditions from suspension. These were 
probably abandoned channel reaches or flood plain areas which tend to form only minor components 
within fluvial systems dominated by coarse sediment (Williams & Rust, 1969; Smith, 1974; Ramos 
& Sopena, 1983). The red colouration and mottling are pedogenic features (discussed below) which 
are common diagnostic features of floodplain areas or abandoned channel reaches (Williams & Rust, 
1969; Smith, 1974). 
e) Pedogenic modification 
Pedogenic modification is restricted to the fine sediments, typically o f lithofacies Sm and Fm. Units 
1, 3 and 4 all contain red coloured fine sandstones and siltstones with grey mottling and limited 
carbonate development. The red colouration is derived from haematitic reddening. Grey mottling and 
vertically orientated streaks suggest that cracks or roots may have been present within the sediment. 
The ponding of water within these former root traces or cracks may have resulted in reduction. 
Sometimes the mottled reduced areas have a red halo developed around them. These features are 
t>'pical of pseudogleys (Buurman, 1975; Wright & Allen, 1989). Pseudogleys are common features 
within Plio-Pleistocene alluvial systems of the Sorbas and Guadix Basins (Mather, 1991; Viseras & 
Fernandez, 1995). Carbonate development is limited to rare nodules or thin (<lcm), laterally 
impersistent laminations. These correspond to a stage I I development of Gile et al. (1966). The 
reddening, mottling and carbonate development are typical o f relatively immature soils such as 
entisols or hydromorphic entisols (Soil Survey Staff, 1975). 
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Unit 5 is confined to the uppermost part of the Homo de Yeso section and is characterised by a well 
developed red coloured soil (Figure 5.19C). 
Section Interpretation 
The Homo de Yeso section reflects a complex sequence through an approximate central 
geographical position within the Salmeron System. Initial deposition probably occurred within an 
alluvial fan environment (Units 1 and 2: Figure 5.18 & 5.19A). Such environments are characterised 
by interbedded conglomerate and sandstone sheetflood deposits (Bull, 1972; 1977; Blair, 1987; Blair 
& McPherson, 1994). The sheetfloods were deposited by low frequency, high magnitude flood events 
as laterally unconfined flows. Areas o f the fan surface were subject to ponding of water following 
flood events leading to the formation of hydromorphic entisol soils. 
Alluvial fan sediments (Units 1 and 2) are cut into by a broad channel form (Unit 3: Figure 5.18 & 
5.19A). Initial deposition was characterised by a scries of small channels, which were then 
succeeded by sheet conglomerates and longitudinal bars, with very rare channels. These sediments 
are typical of a braided stream system (e.g. Smith, 1970; 1974) in which sediments were deposited 
over a wide area by a series of interconnected channels. The poor definition of the channel and bar-
forms suggests frequent reworking of sediment, probably within a flash-flood regime. Clast 
provenance for the fan sediments (Figure 5.18) shows a high percentage of clasts derived fi-om the 
Alpujarride Complex (45%). This suggests that the fan may have been part o f the Cuevas System 
sourced firom the northem basin margins. In contrast, the braided stream sediments show equal 
proportions of clasts from the Nevado-Filabride and Alpujarride Complex (28 & 27%) suggesting 
that sediment was derived fi-om both the western and northem basin margins. 
The braided stream deposits of Unit 3 are cut into by another large channel form infilled with 
sediments characteristic of longitudinal bars (Unit 4: Figure 5.18). The clear definition of these 
longitudinal bars suggests a higher bar stability and less reworking than the braided river sediments 
within Unit 3. These braided stream deposits grade up into alluvial fan sediments within the upper 
parts of Unit 4. 
As a whole, the section probably represents the development of a small braided stream onto distal 
areas of the Cuevas System alluvial fan. The occurrence of at least two large braided channel 
features cut into the alluvial fan sediments suggests that these braided streams formed part of a small 
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mobile belt (terminology of Friend, 1983), with channels commonly migrating laterally to produce 
cross-cutting relationships. 
iii) Los Clavos Region: GR.938258, GR.945264 
Two exposures along the Rambia de las Cojas in the Los Clavos region are used to describe a more 
distal and marginal part of the Salmeron System (Figure 5.I5A). Both exposures are dominated by 
pedogenically altered massive siltstones and sheet sandstones, interbedded with rare sheet 
conglomerates. No basal contacts with underlying basement or Neogene sediment are observed 
within these localities. Upper parts of the section are unconformably overlain by an early Pleistocene 
fluvial terrace of the ancestral Rio Antas. 
Both of the localities within the Los Clavos region are depicted by a series of photo mosaics and 
accompanying sedimentary logs (Figures 5.20 & 5.21 respectively). 
a) Sheet-form facies 
Sheet-form facies dominate both of the sections considered within the Los Clavos region. 
ij Matrix supported conglomerates 
Matrix supported conglomerates of lithofacies Gm and Gms dominate the more proximal section 
within the Los Clavos region (Figure 5.20A & 5.21A). The conglomerates form laterally persistent 
beds up to 1.5m thick that can be traced over several tens of metres. Lithofacies Gms is 
characterised by poorly sorted cobbles and boulders supported within a red coloured silt-sand 
matrix. Boulder clasts reach up to 0.3m in diameter. Beds of conglomerates are massive and lack 
any internal stmcture. 
Poor sorting, a lack of internal structure and matrix support are characteristic of debris flow deposits 
(Bull, 1972; 1977; Costa, 1984; 1988; Wells & Harvey, 1987). The high proportion of matrix 
within these deposits together with no clast imbrication suggests that the debris flows were cohesive, 
probably moving as a thick viscous mass (Costa, 1988). 
ii) Poorly sorted siltstones andfine sandstones 
The poorly sorted siltstones and fme sandstones dominate both localities within the Los Clavos 
region but dominates the sedimentary units within the more distal section at GR.945249 (Figures 
5.20B & 5.2IB). Characterised by lithofacies Fm and Sm, the siltstones and fine sandstones are 
massive and have a distinct red colouration (5YR 6/8 - orange). The sediments form laterally 
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Figure 5.20 - Proximal and distal section photo 
mosaics of Los Clavos region corresponding to a 
distal pan of the Los Calentones Sub-System (Jauro 
System: Section 5.4.4). 
A: Proximal section (GR.938258) - Dominated by 
sheetflood conglomerates (Gm). Rucksack height 
(an-owed) = 0.45m. 
B: Distal Section (GR.945249) dominated by 
pedogenically altered siltstones (a), capped by Early 
Pleistocene fluvial terrace conglomerates (b). 
Rucksack height (arrowed) = 0.45m. 
A : S A L M E R 6 n S Y S T E M D I S T A L F A N 
G R . 9 3 8 2 5 8 : P R O X I M A L S E C T I O N 
B : S A L M E R 6 N S Y S T E M D I S T A L F A N 
G R . 9 4 5 2 4 9 : D I S T A L S E C T I O N 
i 
HZ 
Figure 5.21 - Distal alluvial fan sedimentary logs from the Los Clavos region. A: Proximal section sedimentary log reflecting equal 
proportions of sheet conglomerates and pedogenically altered siltones corresponding to a distal alluvial fan setting. Note the series 
of coarsening up sequences which probably represent progradation of individual fan lobes. B: Distal section sedimentary log 
depicting a more distal alluvial fan setting, characterised by massive pedogenically altered silstones interbedded with rare, thin 
sheet conglomerates. The log is located 0.7 km away from the Los Clavos log, situated within a more basinwards position. 
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persistent units traceable over several tens of metres sometimes reaching 7m in thickness ( Im 
average). Lacking any internal structure, the sediments commonly have isolated floating clasts of 
gravel and pebbles that are sometimes imbricated. Vertically orientated grey coloured streaks and 
mottling are commonly observed, particularly within the thicker siltstone units (2m+). 
The siltstones and fine sandstones are interpreted as hyperconcentrated flows on the basis of their 
fine grain size, poor sorting, massive nature and on the presence of floating clasts. Sediments were 
probably deposited as mudflows similar to those described by Bull (1972, 1977) within an alluvial 
fan environment. Their occurrence as laterally persistent units suggest that the mudflows were 
deposited as laterally unconfined lobes of sediment). The thicker units, greater than 2m, probably 
represent the amalgamation of several depositional events. 
Hi) Moderate to well sorted sheet conglomerates 
These conglomerates form only minor components of both sections within the Los Clavos region. 
Characterised by lithofacies Gm and Gh, the conglomerates occur as beds with a sheet geometry up 
to I m in thickness that can be traced laterally over several tens of metres. Moderate to well sorted, 
the conglomerates are composed of sub-angular to rounded gravel to pebble size clasts which are 
clast supported and clearly imbricated. Individual beds of conglomerate have planar erosive bases 
and are either massive (Gm) or have a well defined stratification (Gh) up to 0.3m thick. 
The conglomerates represent deposition by sheet-flood processes similar to those described by Hogg 
(1982) and Blair (1987). The sheet-form geometr>' of units suggests that the conglomerates were 
deposited as laterally unconfined flows by water dominated floods. 
b) Pedogenic modification 
Pedogenic modification is confined to the red coloured siltstone and fine sandstone units. These 
sediments are characterised by well developed grey mottling and vertically orientated streaks. The 
red colouration is attributable to haematitic reddening, typical o f continental red beds. Grey coloured 
mottling and streaks are typical of pseudogleys, formed by ponding of water after flood events or 
water table fluctuations (Buurman, 1975; Wright & Allen). These feature are characteristic of 
hydromorphic entisols (Soil Survey Staff, 1975). 
Section Interpretation 
The sections exposed along Rambia de los Cojas in the Los Clavos region are characterised by 
debris flow, mudflow and sheetflood deposits which are typical of an alluvial fan setting (e.g. Bull, 
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1972; 1977). Clast provenance and palaeocurrent directions from the rarer conglomeratic units in the 
lower and mid sections indicate that the alluvial fan was sourced from the western basin margins. 
Palaeocurrents indicate an easterly transport direction, whilst clast provenance is dominated by 
meta-carbonate clasts from the Lisbona Unit of the Nevado-Filabride Complex which outcrop in the 
nearby Sierra Lisbona. The two localities show an increase in pedogenically altered sandstones and 
siltstones towards the southeast. This represents the transition of alluvial fan facies into a more 
basinward setting, possibly representative of a distal alluvial fan apron or bajada . 
iv) Los Valencianos: GR.962264 
The Los Valencianos locality is exposed in a river cutting along Rambia del Cajete (Figure 5.15A) 
and represents a distal area of the Salmeron System. Sediments are dominated by red coloured 
pedogenically altered sandstones and siltstones, interbedded with rare conglomeratic units. No basal 
contact is exposed, although 500m to the north-east a contact with marine carbonate units of the 
Almanzora Member (Section 3.5.2) can be observed within a recent motorway cutting. The 
uppermost part of the section is capped by an early Pleistocene fluvial terrace of the ancestral Rio 
Antas. 
A sedimentary log taken from the Los Valencianos section shows the principal sedimentary features, 
clast assemblages and palaeocurrent directions for this distal part of the Salmeron System (Figure 
5.22A). Lateral variations in sedimentary style are shown by the inclusion of a smaller, correlated 
logged section (Figure 5.22B) taken 300m downstream of the main exposure. 
a) Sheet-form facies 
i) Poorly sorted siltstones and fine sandstones 
Red coloured sandstones and siltstones of lithofacies Fm and Sm dominate the lower and mid parts 
of the Los Valencianos section (Figure 5.22). The sediments form massive units up to 10 m in 
thickness, sometimes traceable over several hundred metres. Poorly sorted, lithofacies Sm / Fm 
commonly contain floating clasts of gravel and pebbles, that are sometimes imbricated. Within basal 
parts of the section, particularly at the western end, next to the pig farm (Figure 5.24A), laminated 
sands and rare gravel scours are present within Sm / Fm (Figure 5.24B,C). Grey coloured mottles 
(2.5Y 7/3 - dark reddish grey) and vertical streaks are common, particularly within the mid and 
upper parts of the section. 
Poor sorting, massive beds and presence of floating clasts are typical of hyperconcentrated floods 
(Costa, 1984; 1988). The fine grain size and lateral persistence of units of Sm /Fm suggests that 
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SALMERON SYSTEM DISTAL ALLUVIAL FAN 
LOS VALENCIANOS: GR.962264 
c g 
OS 
5:1 
(0 
CO 
ffi 
c 
(0 
Gm/Gh 
I 
1 
Gh/GI B: Gh/Gm 
10 
Height Above f 
Logged Base (m) °-
jOuaftz 
Novado-
FBabrido 
COfTtplOX 
Ifirrido sand conglomerate 
4 Fm 
g I o I o o p 
3 
sand conglomerate 
i l l 
o o o 
Figure 5.22 - Sedimentary logs from the Los 
Valencianos section, exposed within Rambia 
del Cajete. A: Main logged section 
dominated by massive pedogenically altered 
siltstones corresponding to a distal alluvial 
fan environment. Rare conglomerates within 
the central part of the section correspond to 
small ephemeral streams. B: Correlative 
logged section, 100 m downstream from the 
main section. Dominated by cross-bedded 
conglomerates, the section corresponds to a 
more mature, channelised ephemeral 
stream system. 
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Figure 5.23 - Sedimentary detail from the 
mid parts of the logged sections at Los 
Valencianos (Figure 5.22). A: Planar 
cross-bedded conglomerates from the 
central pari of the main logged section 
(5.22A). Lower, fine unit (a) comprising 
moderately well sorted gravel and fine 
sand foresets. Upper, coarse unit (b), 
comprising moderately sorted pebble and 
gravel foresets. These cross-bedded 
sediments represent deposition by small 
transverse bars within a shallow 
ephemeral stream. Pencil length = 14cm. 
B: 2.5m thick unit of planar cross-bedded 
from Figure 5.22B, characterised by 
steeply dipping foresets of gravel and 
sand whch overiie a coarse pebble-gravel 
conglomerate lag. The cross-bedded 
conglomerates represent deposition by 
well developed transverse bars within a 
large, clearty defined ephemeral channel. 
Notebook height = 20cm. C: 
Pedogenically altered siltstone from the 
lower parts of the main log (5.22A). Root 
traces are arrowed. Note extensive grey 
mottling throught the siltstone. Pencil 
height = 14cm. 
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deposition occurred as a series of laterally unconfined mudflows (Bull; 1972; 1977). Extensive red 
colouration, grey mottling and carbonate nodules are all pedogenic features and are described and 
discussed below. 
Localised laminated siltstones, fine sandstones and gravel scours within basal parts probably reflect 
a more fluvial origin than the hyperconcentrated deposits. Laminated sediments, in particular 
couplets of fine sand and silt have commonly been observed within arid and semi-arid fluvial 
environments (e.g. Frostick & Reid, 1977; Reid & Frostick, 1989), whereby particle separation and 
deposition as laminated sediment occurs by small pulses of sediment laden water located within 
wide, shallow planar, single thread ephemeral streams (Frostick & Rcid, 1977). I t is common for 
such ephemeral streams to occur within modem distal alluvial fan settings (Bull, 1977) and therefore 
the coexistence of laminated stream sediments together with massive mudflow deposits in the ancient 
record would not be uncommon. 
a) Sheet conglomerates 
The sheet conglomerates are characterised by lithofacies Gm and Gh. They form a rare component 
within the central and mid-upper parts of the Los Valencianos section, occurring as thin (0.5m), 
laterally persistent beds, traceable over several tens of metres (Figure 5.22). Basal parts of beds 
typically have a planar erosive base which can be either planar or undulose with a low relief 
(<IOcm). Moderate to well sorted, the conglomerate is composed of angular to sub-rounded clasts of 
gravel and pebbles which are clearly imbricated. The conglomerate is clast supported or less 
commonly, clasts are supported within a red silt-sand matrix. 
The conglomerates arc typical of sheetflood deposits (Hogg, 1982; Blair, 1987). Sediments were 
deposited by laterally unconfined flood waters. Scouring and erosive bases of the conglomerate units 
suggests that flood waters were turbulent. 
b) Bar-form fades 
Planar cross-bedded conglomerates and sandstones of lithofacies Gp and Sp dominate the bar-form 
facies \Nithin the mid and upper parts of the Los Valencianos section. From the main logged section 
two distinct planar cross-bedded conglomerate units can be identified (Figure 5.22A & 5.23A). Up 
to 0.7m thick, the conglomerates can be traced laterally for up to 5m. Foresets are tangential, 
dipping at up to 25° towards the east and comprise either sand and gravel, or much coarser gravels, 
pebbles and cobbles. Individual foresets fine upwards fi-om gravel into sand and are usually only a 
few centimetres thick. The cross-beds overlie a well defined irregular erosion surface with a localised 
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Figure 5.24 - The 'Pig Farm' section, exposed 300m downstream from the main Los 
Valencianos section. A: Overview of main section. Lower and mid section correspond to a distal 
alluvial fan environment. The upper part of the section corresponds to an Earty Pleistocene 
fluvial terrace. Note nonmal faulting of section at the westem end (see Chapter 4). B : Detail from 
the lower part of the section showing massive pedogenically altered siltstones which t>ecome 
laminated towards the base. Rucksack height = 0.45m. C: Detail from the towermost part of the 
section showing the laminated sitt and fine sand couplets, interbedded with rare coarse 
sand-gravel congtomerate lenses. Dewatering and low angle cross laminations are present. 
These laminated sandstones and gravels are typical of ephemeral stream sediments (e.g. 
Frostick & Reid. 1977; Reid & Frostick. 1989). Pencil length = 14cm. 
196 
Chapter S: Evolution of the Primary Drainage Systems 
relief of up to 20cm. In places, the erosion surface is infilled by a thin sheet o f conglomerate (Gm) 
usually coarser than the foresets. 
The same stratigraphic level can be traced 100m towards the west (Figure 5.22B). At this exposure a 
single 2.5m thick cross-bedded unit can be identified (Figure 5.238). Foresets dip at up to 25° 
towards the west and comprise a mixture of gravel and sand, with individual foresets up to 5cm 
thick. The foresets are asymptotic, overlying a 0.5m thick sheet coarse gravel-pebble conglomerate 
(Gm). 
Well developed, steeply dipping foresets are typical of transverse bars (Smith, 1970; 1974) which 
are formed by the avalanching of sediment down the slip-face of the bar front (Smith, 1970). 
Lithofacies Gm, which underlies both examples o f cross-bedded conglomerates, was probably 
deposited during flood, the cross-beds were then deposited during lower flow stage. Because the 
height of foresets approximates to the depth of water flow, the sediments observed within the main 
log were probably deposited in broad shallow charmels with water depths of less than Im. In 
contrast, cross-beds from the second sedimentary log suggest the presence of much deeper water, at 
least 2.5m deep. This suggests the presence of a much deeper, and possibly larger channel fonm at 
the same stratigraphic point. It is possible that these sediments represent the development of a broad 
braided channel system into the distal alluvial fan sediments. 
According to Hein & Walker (1977) the well defined foresets of transverse bars reflect lower water 
and sediment discharges than from other unit bars. 
c) Pedogenic Modification 
Pedogenic modification is confined to siltstone and fine sandstone sediments of the sheet-form facies. 
The modification is characterised by red colour banding in the lower parts of the section (Figure 
5.23C) and extensive grey mottling, vertically orientated streaks and tubular structures within the 
upper parts of the section (Figure 5.23C). The red colouration relates to haematitic reddening. Grey 
mottling and streaks relate to areas of reduction within the sediment, possibly relating to former root 
traces or cracks in which water has ponded following flood events (Buurmann, 1975; Wright & 
Allen, 1989). Tubular structures have a typical morphology of roots and are similar to the rhizoliths 
described by Klappa (1980). Generally, these soil characteristics are typical o f poorly developed 
hydromorphic entisols (Soil Survey Staff, 1975). 
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Section Interpretation 
Sediments within the Los Valencianos section represent deposition within the most distal part of the 
Salmeron System. Initial deposition was characterised by fine grain sheetflood and mudflow 
sediments within a distal alluvial fan setting, possibly as part of a fan apron or bajada area. The 
presence of laminated fine sediments interbedded with the sheetflood deposits suggest that the fan 
apron was cut by a series of small ephemeral streams during less intense floods. Channels were 
probably up to 0.2m deep and several metres wide. Within the mid parts of the section, the presence 
of planar cross-bedded conglomerates corresponding to transverse bars indicates the development of 
larger, well defined channel forms. The lateral persistence of these deposits suggests that a series of 
ephemeral braided river channels developed onto the distal frin apron area. Palaeocurrents indicate a 
transport direction towards the southeast (Figure 5.22) suggesting that the stream channels were 
sourced from the northwestern region of the basin. This is supported by clast assemblages derived 
from the ephemeral stream deposits which show equal proportions of Nevado-Filabride and 
Alpujarride Complex material (Figure 5.22) sourced from the Sierras Almagra and Lisbona in the 
northwest of the basin. 
The significance of transverse bars which wholly comprise the fluvial deposits at this location is 
important as these reflect deposition in a more distal, mature fluvial environment, which are 
commonly formed at the expense of longitudinal bar-forms (Collinson, 1986). 
vi) Santa Barbara - Almanzora Corridor: GR.914337 
Although not located within the Vera Basin, red coloured Plio/Pleistocene conglomerates and 
sandstones are exposed along the old N340 on the northern side of the Sierra Almagra near to the 
village of Santa Barbara within the Almanzora Corridor (Figure 5.15). The inclusion of these 
sedimentary units here within the descriptions and interpretations for the Salmeron System is 
important, as these sediments provide evidence for a topographic divide between the Vera Basin and 
the Almanzora corridor. Previous research in the Vera and Huercal-Overa Basins / Almanzora 
Corridor by Wenzens (1992) and Wenzens & Wenzens (1995), have suggested that the ancestral Rio 
Almanzora passed through a topographic low in the Sierra Almagra during the Mio/Pliocene, prior 
to a river capture event during the Plio/Pleistocene. Interbedded red coloured conglomerates and 
sandstones exposed near to the village of Santa Barbara provide evidence to the contrary, implying 
that no such linkage existed during the Mio/Pliocene. 
Two exposures in an abandoned road cutting along the old N340 provide sections through proximal 
and distal areas of an alluvial fan. Within proximal areas massive, pooriy sorted, matrix supported 
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C : Palaeocurrents Clast Provenance 
V 
F igure 5.25 - Sedimentary detail from the Santa Barbara section (GR.914337). 
Almanzora Corridor, north of the Vera Basin. A : Southern exposure of the Santa 
Barbara section. This locality is dominated by debris flow (Gms) and sheetflood 
sediments deposited within a proximal fan setting. An unconformable contact with 
mica-schists of the Ballabona Unit is exposed (arrowed). 1cm = 1m. B : 
Exposure 250m northwards of the previous locality. Intert^edded sheetflood 
conglomerates and sandstones correspond to deposition within a more distal 
alluvial fan setting. Notebook height = 20cm. C : Palaeocun^ent and clast 
provenance summary data from the Santa Barbara section. 
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boulder conglomerates overlie grey schists of the Ballabona Unit, Alpujarride Complex (Figure 
5.25A,C). These sediments are typical of debris flows. Within a more distal area of the Almanzora 
Corridor, approximately 300m northwards from the previous locality, the debris flow deposits grade 
laterally into interbedded sheet conglomerates and red siltstones which are typical of sheetflood 
deposits (Figure 5.25B). Debris flow and sheetflood deposits are typical of an alluvial fan 
environment (Bull, 1972; 1977) and these localities reflect the typical proximal to distal facies 
relationships commonly observed within alluvial fans (Bull, 1972). The uppermost surface of the 
alluvial fen sediments is capped by a 0.5m thick, laminar calcretc which corresponds to a stage IV 
development ofGile et al., (1966). 
The clast provenance of the alluvial fan sediments is dominated by locally derived schists, 
carbonates and red coloured Triassic material from the Variegato and Ballabona units of the 
Alpujarride Complex, whilst palaeocurrcnts indicate a northwesterly transport direction into the 
Almanzora Corridor and not into the Vera Basin. 
Although these sedimentary units have many similarities to the Tortonian fill of the Almanzora 
Corridor it appears that these alluvial fan deposits have a distinct stratigraphic relationship with the 
higher Pleistocene terrace sequences o f the ancestral Rio Almanzora. Tectonically, the Tortonian 
sediments are highly deformed by faulting and tilting, whilst the alluvial fan deposits at Santa 
Barbara are undeformed suggesting a more recent, Plio-Pleistocene formation. The occurrence of the 
calcrete cap on the fan surface is also significant suggesting a Plio-Pleistocene age for the sediments 
5.4.3 Evolution of the Salmerdn System 
i) DeposUional Setting 
The Salmeron System represents a series of ephemeral braided streams that have developed within a 
topographic low in-between the Jauro and Cuevas systems. The principal evidence for the presence 
of the Salmeron System is derived from sedimentological data. Unlike the Cuevas and Jauro systems 
no remnants of landform morphology are present. The principal characteristics are: 
1. The basal parts of sections within the Salmeron System are characterised by pedogenically 
altered sheet-flood and debris flow deposits. These styles of sedimentation are consistent with an 
alluvial fan depositional setting (Bull, 1972; 1977). The fine grain size of these sediments 
suggests a distal alluvial fan setting, probably relating to a fan apron area where the Cuevas and 
Jauro drainage systems coalesce. 
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2. Mid and upper parts of the sections within the Salmeron System are characterised by sediments 
characteristic of longitudinal bars, transverse bars, channelised conglomerates and inter-channel 
sediments. These sediments are t>T)ical of a braided stream environment (e.g. Williams & Rust, 
1969; Smith, 1979; 1974) which have developed onto the fan apron area. The streams are 
probably ephemeral in nature with the variable clast size and depositional styles reflecting flood 
strengths of different magnitudes. 
3. Pedogenic modification of finer sediments within the braided part o f the succession suggests 
parts of the streams remained inactive for long periods of time, during which soil development, 
particulariy rubification, could occur. Mottling indicates that water may have ponded on the 
surface following flood events, possibly reflecting the fine grain size of interchannel/overbank 
areas which would reduce infiltration capacity. Carbonate nodules and laminations suggest that 
climate may have been relatively arid. 
4. Palaeocurrents derived from the channel fill sediments and bar-forms indicate a transport 
direction to the southeast, towards the basin centre. This suggests that the braided streams 
originated in the northwestern region of the basin and drained southeastwards, inbetween alluvial 
fans of the Cuevas and Jauro Systems. 
5. Clast provenance of the Salmeron System is diverse. This is due to the Salmeron System 
receiving sediment from both the Nevado Filabride and Alpujarride Complexes together with the 
reworking of alluvial fan sediments. 
ii) Palaeogeography of the Salmerdn System 
A schematic evolution of the Salmeron System is presented vrithin Figure 5.26. The evolution is 
based upon relative time stages. 
a) Early Salmerdn (Figure 5.26A) 
The early part o f the Salmeron System is marked by the progradation of alluvial fans o f the Cuevas 
and Jauro Systems over the former coastal plain and shoreline sequences o f the Espiritu Santo 
Formation. Most of the localities previously described are characterised by distal alluvial fan 
sediments widiin the basal parts of the section, corresponding to the earliest part of the Salmeron 
System. 
b) Late Salmerdn (Figure 5.26B) 
The late part of the Salmeron System sees the development of ephemeral stream channels onto the 
distal parts of the alluvial fans. This is depicted within most of the Salmeron System localities by the 
occurrence of fluvial bar-form and channelised sediments erosively oveHying distal alluvial fan 
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Figure 5.26 - Schematic palaeogeographic reconstruction of the Salmer6n System. A: Pre-Salmeron • progradation of 
alluvial fans from the Cuevas and Jauro Systems over the former coastal plain and shoreline sequences of the Espiritu Santo 
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sediments (e.g. Figures 5.16; 5.18; 5.22). This stratigraphic positioning suggests that the Salmeron 
System developed slightly later than the Jauro and Cuevas Systems. 
The morphological expression of the alluvial fens of the Jauro and Cuevas Systems is significant in 
terms of the positioning of the SaJmeron System. Alluvial fans typically have a conical surface form 
(Harvey, 1989), and where nvo fans coalesce a topographic depression is formed. It is within such a 
topographic depression, located inbetween the Cuevas and Jauro System alluvial fans that the 
braided streams of the Salmeron System developed, essentially as an inter-fan channel. An inter-fan 
location for the Salmeron System is supported by the summary palaeocurrent directions for each of 
the systems (Figures 5.IB): the Cuevas System drains southwards, the Jauro System eastwards and 
the Salmeron System south-eastwards. 
PIio-Pleistocene alluvial fan sediments within the Almanzora corridor, to the north of the Vera Basin, 
are correlated with sedimentary sequences of the Salmeron Formation on the basis of their 
sedimentary style, stratigraphic position, lack of deformation and similar red colouration. Their 
occurrence is significant as these sediments suggest that no linkage between the Almanzora Corridor 
and the Vera Basin existed during Sahneron Formation times at this location. The exit point of the 
Rio Almanzora through a topographic low in the Sierra Almagra into the northwestern Vera Basin as 
suggested by Wenzens & Wenzens (1995) is thus unfounded. The correct exit point of the ancestral 
Rio Almanzora is located to the north of Cuevas del Almanzora town and relates to the positioning 
of the northern margin Pliocene fan-delta of the Espirtu Santo Formation (see Section 3.4.3). The 
Salmeron drainage system does not represent any part of the ancestral Rio Almanzora and simply 
represents a smaller, minor drainage fed from the northwestern region of the Vera Basin. 
c) Post Salmerdn (Figure 5.26C) 
The modem drainage pattern within the north-westem region of the Vera Basin is inherited from that 
of the Salmeron System. The present stream channels show a small amount of dissection (up to 15m) 
and generally form tributary channels which drain southwards into the Rio Antas. 
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5.5 T H E J A U R O S Y S T E M 
5.5.1 Introduction 
The Jauro System is located on the western margins of the Vera Basin and is composed of a series of 
red and grey coloured conglomerates, sandstones and siltstones that reach a maximum thickness of 
60m. Within proximal areas, sediments of the Jauro System unconformably overlie metamorphic 
basement of the Nevado-Filabride Complex. In more distal areas, sediments unconformably overlie 
marine shoreline sediments of the Cuevas and Espiritu Santo Formations. Upper parts of sequences 
widiin distal areas of the Jauro System are overlain by early Pleistocene fluvial terrace sediments of 
the ancestral Rio Antas. Locally, these form a conformable sequence, whilst in general the sequence 
is erosively unconformable. Clast assemblages are dominated by medium to high grade 
metamorphics derived from the Nevado-Filabride Complex which is exposed within the eastern 
Sierra de los Filabrcs (Figure 5.27B). Palaeocurrent analysis indicates a dominant transport direction 
towards the east (Figure 5.27B). 
Detailed analysis of clast assemblages within the Jauro System indicates two distinct sediment 
source areas. Sedimentary units within the southern part of the Jauro System are mainly composed 
of garnet mica-schists, phyllites, amphibolites and tourmaline gneisses with only minor amounts of 
meta-carbonate. These clast assemblages are derived fi-om the Bedar, Chive and Nevado-Lubrin 
Units (terminology of Bicker, 1966) which are exposed within the Sierra de B6dar region. In the 
northern part of the Jauro System, sedimentary' units are dominated by meta-carbonates and mica-
schists. These clast assemblages are derived from the Lisbona Unit (terminology of Bicker, 1966) 
which are exposed within the Sierra Lisbona region. The two separate source areas can also be 
determined from palaeocurrent analysis. Sediments within the southern part of the Jauro System are 
characterised by a northeasterly transport direction suggesting a Sierra de B6dar source area, whilst 
sediments in the northern part indicate an eastwards transport direction suggesting a Sierra Lisbona 
source area. 
On the basis of the these clast assemblage and palaeocurrent characteristics two distinct sub-systems 
within the Jauro System can be identified. Firstly, the Loma del Perro Sub-System occurs within the 
south of the area and comprises a clast assemblage of the Bedar, Chive and Nevado-Lubrin Units 
with an easterly palaeocurrent direction (5.27C). Secondly, the Los Calentones Sub-System occurs 
within the north of the area and comprises a Lisbona Unit clast assemblage with a southeasteriy 
palaeocurrent direction (5.27C). Each sub-system is considered separately using a series of key 
localities (Figure 5.27A): 
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Figure 5.27 - A: Location map of the Jauro System. Numbers 1 to 4 
correspond to the localities referred to within the text. B: Summary 
characteristics of the Jauro System. C : Summary characteristics of the Loma 
del Perro and Los Calenlones Sub-Systems. The spatial occurrence of these 
sub-systems is shown within Figure 5.28. 
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l .Loma del Perro: 
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5.5.2 Loma del Perro Sub-System 
Stratigraphically, only the lowermost parts of the Loma del Perro sub-system are well exposed, with 
sections commonly displaying an unconformable contact with either metamorphic basement or 
Espiritu Santo Formation sediments. Upper parts of the sequences tend to form rounded hill tops 
covered with vegetation and generally lack good exposure. Two localities are considered within this 
section which represent proximal to distal locations in relation to the mountain front of the Sierra de 
Bedar. 
The spatial distribution of the drainage sub-systems are presented within a detailed geological map 
of the western basin margin (Figure 5.28). This is complimented with a 1:30 000 black and white 
aerial photograph (Figure 5 .29) which demonstrates the morphological expression of the region. 
i) Cafiada de don Luis - OR. 926217 
Sedimentary units of the Jauro System exposed within the upstream region of Canada de don Luis 
arc characterised by interbedded red coloured conglomerates, sandstones and siltstones. 
Stratigraphically, these sedimentary units unconformably overlie shoreline sediments of the Vera 
Member (Espiritu Santo Formation: Section 3.4.3). 
Two exposures at this locality are considered. The principal exposure (Figure 5.30A) demonstrates 
the unconformable stratigraphic contact between the Jauro System and the Espiritu Santo Formation, 
as well as providing a general, large scale overview of the sedimentary styles. The second exposure 
(Figure 5.30B) provides a more detailed insight into the sedimentary styles o f the Canada de don 
Luis section. 
a) Sheet-form fades 
i) Matrix supported conglomerates 
Characterised by lithofacies Cms, the matrix supported conglomerates form a major component of 
the Caiiada de don Luis section. The conglomerates occur as a series of ill-defined lensed units that 
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Figure 5.28 - Geological map of the Jauro System. 
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Figure 5.29 - Aerial photograph of the western basin margins, west of Antas town. The remnant 
alluvial fan morphology of the Loma del Perro Sub-System (a) is outlined. The Los Calentones 
Sub-System (b) has no remnant morphology due to modification by the Pleistocene Rio Antas. 
Early Pleistocene braided river sediments are inset into the Loma del Perro Sub-System (c) and 
overlie the Los Calentones Sub-System (d). The switch from alluvial fan to braided river is 
related to NW-SE to NNW-SSE orientated extensional feulting ( A l - A2). 
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can be traced laterally over several tens of metres. Individual units vary in thickness, ranging in 
diickness from 0.5 to 3m (average Im). Poorly sorted and lacking internal structure, the 
conglomerates are composed of angular to rounded clasts of gravel, pebbles and cobbles supported 
within a red coloured (SYR 7/6: orange) mud to fine sand matrix, sometimes locally rich in garnets. 
Rare oversized clasts up to Im in diameter are present. Gravel to cobble size clasts often show a 
weak imbrication and commonly demonstrate a vertical orientation, particulariy within clast rich 
areas. 
The matrix rich conglomerates are typical of debris flow deposits (Bull, 1972; 1977; Wells & 
Harvey, 1987). Their poor sorting, lack of internal structure and matrix support suggest that the 
flows were relatively viscous and cohesive. The debris flows were probably deposited as laterally 
unconfined lobes of sediment, within broad, low relief topographic depressions on the basis of the 
lensed geometry and lateral persistence of the conglomerate units. On average individual debris flow 
lobes were up to 1.5m thick, whilst thicker units probably represent the amalgamation of several 
depositional events. Imbricated and vertically orientated clasts tend to occur within concentrated 
areas of coarse clasts and are probably related to the 'push fabrics' of Wells & Harvey (1987). 
These tend to occur at the front of debris flow lobes, produced by the pressure exerted from surges 
or pulses t>'pical of debris flow (Costa & Williams, 1984; Wells and Harvey, 1987; Costa, 1988). 
Localised areas rich in garnets are probably related to the weathered products o f garnet mica-schists 
which comprise part of a t>'pical ciast assemblage of the Loma del Perro Sub-System. The red 
colouration of the matrix is similar to that of the pedogenically altered red siltstones described below. 
This suggests that the debris flows may have reworked pre-existing red soil cover. According to 
Harvey (1984) this commonly occurs within debris flow deposits of many Spanish Quatemary 
alluvial fans, providing both the necessary fines for generation of debris flows and a distinct red 
colouration. 
tij Poorly sorted sandstones 
Poorly sorted sandstones form only a minor component of both exposures within the Caiiada de don 
Luis section. Characterised by lithofacies Sm, the sandstones are red in colour (SYR 7/6: orange) 
and occur as either lensed units up to 1.2m thick that can be traced laterally over several tens of 
metres or as small localised patches (Figure 5.30B,C,E). Sandstone units are massive, lacking any 
internal structure apart from the presence of numerous isolated or scoured pockets o f floating clasts 
of gravel and pebbles, many of which are imbricated (Figure 5.30E). The sandstones sometimes 
display a grey mottling together with simple vertical tube structures (Figure 5.30E) and small (2cm) 
white carbonate nodules. 
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Figure 5.30 - Sedimentary detail of the Canada de don Luis section (GR.926217). A: 
Principal east-west orientated exposure showing alluvial fan sediments of the Salmer6n 
Formation (b) overtving shoreline sediments of the Espiritu Santo Formation (a). The 
location of section B is arrowed. Section height = 25m. B: Sedimentary detail from the 
adjacent secondary exposure. Lower parts of the section are characterised by 
pedogenically altered hyperconcentrated sheetfkxxl sandstones and siltstones. The main 
part of the section is cornposed conglomeratic sheetflood and debris flow deposits with 
rare channelised forms. The locations of photos D and E are an-owed. Rucksack height = 
0.45m. C: Complimentary field sketch for photo B. 
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Figure 5.30 (ctd) - D: Detail of a simple ribbon channel from the basal part of the 
secondary section (Figure 5.30 8,0). Channel fill comprises low angle cross-bedded 
gravelly sands (Gp) probably deposited during a single depositional episode. Hammer 
length = 35cm. E: Detail of a poorly sorted sandstone from the basal part of the 
secondary section (Figure 5.30B,C). The sandstone corresponds to a hyperconcentrateq 
sheetflood deposit. Note the presence of floating clasts of gravel and evidence for 
pedogenic modification by remnants of root traces (arrowed). Pencil length = 14cm. 
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The poorly sorted sandstones are characteristic of hyperconcentrated flows similar to those described 
by Costa (1988). According to Costa (1988) poorly sorted, massive sandstones with floating clasts 
and gravel lenses are produced by flood waters with an increased sediment concentration and 
represent an intenmediate type of flow between water flood and debris flow. The lateral persistence 
of the sandstone units suggests that hyperconcentrated flows were laterally unconfmed. Red 
colouration, grey mottling, vertical tubular structures and carbonate nodules are all pedogenic 
features and are considered in more detail below. 
Hi) Moderate to well sorted sheet conglomerates 
These conglomerates dominate the Caiiada de don Luis section. Composed o f lithofacies Gm and Gh, 
the conglomerates form poorly defined sheet-like units up to 1.5m thick that can be traced laterally 
over several tens of metres (Figure 5.30B,C). The conglomerates are cither massive (Gm), or, more 
commonly, fine upwards (Gh). Lithofacies Gm typically comprises the coarser clast populations of 
pebbles and cobbles which overiie locally scoured or planar erosive basal parts o f units. These grade 
up into lithofacies Gh which are weakly bedded and are composed of imbricated clasts of gravel and 
pebbles. 
The conglomerates were deposited as laterally unconfined sheets of sediment characteristic of 
sheetflood deposits (Hogg, 1982; Blair, 1987). Flood waters were probably turbulent due to the 
presence of scouring and erosion surfaces. Lithofacies Gm represent deposition during flood, and Gh 
during waning flow. 
c) Channel Fades 
The channel facies form only a minor component of the Canada de don Luis section and are 
characterised by planar cross-bedded conglomerates of lithofacies Gp (Figure 5.30D). The 
conglomerates infill a series of small channel features up to 3m wide and 0.75m deep which are 
commonly cut into poorly sorted sandstones. The conglomerates show a poorly developed, low angle 
planar cross-bedding with tangential bases, dipping at up to 8°. Foresets comprise a mixture of 
gravel and pebbles which are typically clast supported. 
The channel fills are simple ribbon bodies (nomenclature of Friend et al., 1979) and in most cases 
represent the product of a single depositional event. Channels were probably cut during flood by 
turbulent, erosive flood water. Lithofacies Gp was deposited during waning flow by avalanching of 
sediment down the front or sides of an advancing bar-form. Low angle planar foresets are often 
associated with transverse or lateral bars (Smith, 1970; 1974; Bluck, 1974). In this case the foresets 
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probably represent the product of lateral bars which are commonly attached to the sides of the 
channel and with low angle foresets (Smith, 1974; Bluck, 1974). 
d) Pedogenic modification 
Pedogcnic modification is confined to the poorly sorted sandstone units of the sheet-form facies and 
include an overall red colouration which sometimes shows grey mottling, small carbonate nodules 
and vertically orientated tubular structures (Figure 5.30E). 
The red colouration relates to haematitic reddening of the sandstones. Grey mottling corresponds to 
areas of reduction within soil profiles, commonly ponding of water widiin pore spaces, cracks or 
along former root traces following a flood (Wright & Allen, 1989). Carbonate nodules correspond to 
a stage l / I I of Gile et al. (1966) and are typical of poorly developed aridsols (Soil Survey Staff, 
1975). Vertically orientated tubular structures may relate to former root traces which have been 
preserved by carbonate cementation. They are similar to the rhizoliths of Klappa (1980). 
Section Interpretation 
Sediments within the Canada de don Luis section are typical of an alluvial fan depositional setting. 
Dominated by debris flow and sheetflood deposits, basal parts of the section show the development 
of an alluvial fan over the former shoreline sequences of the Vera Member (Espiritu Santo 
Formation). Many of the larger clasts within the fan sediments, in particular the well rounded 
cobbles and boulders, were probably reworked from the underlying shoreline deposits. Within upper 
parts of the section cross-bedded channel fill sediments suggest that the fan surfaces were cut by 
small channels during flood events in which braiding occurred. Soil evidence shows that some areas 
of the fan surface ponded water resulting in gleying within finer fan sediments. Carbonate nodule 
development within some sediments indicates that climatic conditions may have been relatively arid. 
ii) Rambia de los Matias - GR.927220 
Sedimentary units o f the Jauro System exposed with Rambia de los Matias represent deposition 
within a distal part of the Loma del Perro sub-system (Figure 5.27A). Sediments are characterised 
by interbedded red coloured conglomerates and sandstones which overlie nearshore marine sediments 
of the Vera Member (Espiritu Santo Formation). A sedimentary log through the exposure at Rambia 
de los Matias (Figure 5.31 A) demonstrates the principal facies distributions. 
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Figure 5.31 - A: Sedimentary log from Rambia de los Matfas. 
The lower part of tt)e section corresponds to the marine 
shoreline sequences of the Espiritu Santo Formation. The mid 
and upper parts corresporxl to alluvial fan sequences of tf>e 
Salmer6n Formation. A subtle fining upwards sequence is 
identified, based upon an increase in beds of pedooenically 
altered siltstone and a reduction in dast size, bed tnickr>ess 
ar>d percentage of conglomerate of the coarser beds. B: 
Interbedded conolomerates of lithofacies Gms arxj Gm from 
the lower parts of the succession corrosporxJirig to debris flow 
and sheetflood deposition. The conglomerates are separated 
by thin, pedogenically altered red sandstones. Hammer length 
(arrowed) = 35cm. C: Interbedded cor>glomerates (Gm) ancl 
sandstones (Sm) corresponding to sheetflood deposition from 
the upper part of the succession. The red sandstones are the 
product of hyperconcentrated floodwalers. Notebook height = 
20cm. 
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a) Sheet-form facies 
i) Matrix supported conglomerates 
Matrix supported conglomerates are confined to the lower part of the Rambia de los Matias section 
where they are characterised by conglomerates of lithofacies Gms (Figure 5.3 l A ) . The 
conglomerates form a series of distinct units up to 2.7m thick and are interbedded with thin, red 
coloured pedogenically altered sands (Figure 5.3IB). Despite poor exposure, individual units of 
conglomerate can be traced laterally for up to 20m. Massive and poorly sorted, the conglomerates 
are composed of angular to rounded gravel to boulder size clasts supported within a red (5YR 5/6: 
reddish brown) silt-sand matrix. 
The characteristic poor sorting, lack of internal structure and matrix support of the conglomerates 
suggest deposition as cohesive debris flows. 
ii) Poorly sorted sandstones 
The poorly sorted sandstones comprise a major component of the Rambia de los Matias section, 
particularly within the mid and upper parts of the succession where they are interbedded with other 
conglomerates of the sheet-form facics (Figure 5.31A,C). The sandstones have a distinct red 
colouration (5YR 5/6: reddish brown) and are characterised by lithofacies Sm which form Icnsed 
units up to 1.7m thick that can be traced laterally for up to 20m (exposure permitting). Poorly 
sorted, the sandstones generally lack any internal structure apart fiom an ill-defined lamination and 
the presence of common floating clasts of gravel and pebbles that are sometimes imbricated. 
Poor sorting, weak lamination and floating clasts are all characteristics of hyperconcentrated 
deposits (Costa, 1988). The lateral persistence of the sandstone units suggests that the flows were 
laterally unconfined and similar to sheetfloods (Hogg, 1982; Blair, 1987). In this case it is likely that 
the sandstones represent a mixture of distal sheetflood deposits and h>'perconcentrated flows. 
Hi) Poor to moderately sorted sheet conglomerates 
These conglomerates dominate the Rambia de los Matias section where they are characterised by 
lithofacies Gm and Gh (Figure 5.3IC). The conglomerates are massive or weakly bedded and form 
sheet-like, laterally persistent lensed units up to 2.5m thick. Poor to moderately sorted, the 
conglomerates are composed of gravel to cobble size clasts supported within a sand matrix. Clasts 
are clearly imbricated. Basal parts of the conglomerate units are clearly erosive, particularly when 
cut into sandstone units (Figure 5.3 IC). 
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The conglomerates represent deposition by laterally unconfined sheetfloods. The sharp erosive bases 
of most of these conglomerates suggests that flood waters were turbulent, 
b) Pedogenic modification 
At this locality pedogenic modification is represented by haematitic reddening of the poorly sorted 
sandstones of the sheet-form facies. The reddening suggests a poorly developed soil typical o f an 
entisol (Soil Survey Staff, 1975). 
Section Interpretation 
The Rambla de los Matias section is dominated by sheetflood deposits together with minor amounts 
of debris flow deposits. These deposits are characteristic o f an alluvial fan depositional environment 
(Bull, 1972; 1977). Clast assemblages arc still dominated by medium to high grade metamorphic 
clasts derived from the Bedar, Nevado-Lubrin and Chive Units, sourccd fi-om the Sierra de Bedar 
region. However, there is a notable increase in the proportion of meta-carbonate clasts derived from 
the Lisbona Unit of the Sierra Lisbona. This increase in Lisbona Unit clasts suggests that the 
sediments exposed within the Rambla de los Matias section are within a more distal setting, in an 
area which is receiving sediment fiom both the Sierra de Bedar and Sierra Lisbona regions. In 
contrast to the previously described Canada de don Luis section there is a greater proportion of 
poorly sorted sandstone units at this locality which may support a more distal alluvial fan setting. 
Basal parts of the succession are dominated by debris flow deposits which decrease up sequence at 
the expense of increasing conglomerate and sandstone sheetfloods. Overall the sequence fines 
upwards (Figure 5.31 A). 
5.5.3 Evolution of the Loma del Perro Sub-System 
The Loma del Perro Sub-System clearly has the morphological expression of an alluvial fan. Aerial 
photograph evidence (Figure 5.29) shows that the fan has a point source near to the village of Los 
Raimundos, derived from the intersection point of an E-W and NW-SE orientated lineament within 
the Sierra de Bedar region. Sediments are characterised by conglomeratic sheetflood and debris flow 
deposits with minor amounts of pcdogenically altered sandstones which were all formed by laterally 
unconfined flood events. These sediments are clearly dominated by medium to high grade 
metamorphics of the Bedar, Nevado-Lubrin and Chive Units of the Nevado-Filabride Complex 
which correspond to a Sierra de Bedar source area which bounds the southern margin of the Jauro 
System. The well exposed basal contact of the Loma del Perro Sub-System shows clearly that the 
alluvial fan prograded over the former shorelines of the Espiritu Santo Formation. No coarsening or 
fining sequences can be identified from the proximal Caiiada de don Luis locality. Within the distal 
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Rambia de los Matias locality an overall fining upwards sequence is identified which may 
correspond to fan abandonment. 
5.5.4 The Los Calentones Sub-System 
Exposures through the Los Calentones Sub-System are excellent due to dissection by the modem Rio 
Antas. Two localities are considered that represent proximal to distal locations in relation to the 
mountain front of the Sierra Lisbona (Figure 5.27A). A photo mosaic and complimentary field 
sketch within Figure 5.32 provide a field overview of the Los Calentones Sub-System. Within 
proximal areas sedimentar>' units of the Jauro System unconformably overlie metamorphic 
basement, infilling a pronounced basement topography (Figure 5.32). Whilst within more distal areas 
sediments unconformably overlie nearshore sediments of the Espiritu Santo and Cuevas Formations. 
Upper parts of sequences are capped by early Pleistocene fluvial terrace conglomerates of the 
ancestral Rio Antas. These form a distinct low gradient geomorphic surface that grades cast\vards 
towards the centre of the Vera Basin (Figure 5.32). 
i) Jauro Village - GR.923238 
Sediments exposed within the Rio Jauro, 200m northwest of Jauro village represent the type section 
of the Jauro System (Figure 5.27A & 5.28). The section is characterised by interbedded red coloured 
conglomerates, sandstones and siltstones that correspond to deposition in an area proximal to the 
Sierra Lisbona mountain front. A sedimentary log through the Jauro village section demonstrates the 
principal facies, clast assemblages and palaeocurrent characteristics (Figure 5.33). Stratigraphically, 
the sediments unconformably overlie mica-schists and meta-carbonate clasts of the Lisbona Unit 
within basal parts of the section. Upper parts of the section show a conformable gradation into early 
Pleistocene fluvial terrace conglomerates. 
a) Sheet-form facies 
i) Matrix supported conglomerates 
The matrix supported conglomerates dominate the lower parts of the Jauro village section. 
Characterised by lithofacies (jms, the conglomerates form units up to 3m thick 1-1.5m average) that 
can be traced laterally over several tens of metres. Individual conglomerate units are either massive, 
lacking internal structure, or show a pronounced inverted grading. Poorly sorted, the conglomerates 
are composed of angular to sub-rounded gravel to boulder sized clasts supported \vithin a red 
coloured (5YR 7/6: orange) silt-fine sand matrix. Oversized boulder clasts o f meta-carbonate and 
red conglomerates are common, sometimes up to 3m in diameter (Figure 5.34A,B). 
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Figure 5.32 - Photo mosaic and complimentary 
sketch through the Los Calentones 
Sub-System. The section is orientated east 
-west and has been exposed due to incision by 
the Rio Antas/Jauro. Alluvial fan sediments 
comprise most of the foreground and mid 
ground, infilling a pronounced basement 
topography of meta-cartx)nates of the Lisbona 
Unit. The alluvial fan sediments are overlain by 
orey coloured braided river sediments which 
form are expressed morpholoqically as a low 
gradient terrace from (anowed). The proximal 
alluvial fan Jauro village section section is 
mar1<ed a-b, 
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LOS CALENTONES ALLUVIAL FAN 
GR.923238: JAURO VILLAGE 
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Figure 5.33 - Sedinnentary log from the Jauro Village section corresponding to a 
proximal alluvial fan setting. Basal parts of the section are dominated by debris flow 
deposits. Mid and upper parts of the log are dominated by sheet-flood deposits. Note 
the vertical clast provenance change. 
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Poor sorting, lack of internal structure and matrix support are typical o f debris flow deposits (Bull, 
1972; 1977; Costa, 1984; 1988). In this case the debris flows were probably cohesive on the basis of 
the high proportion of matrix. Many of the oversized boulders may represent the remnants of rock 
falls (sensu Blair & McPherson, 1994) which have subsequently been reworked into debris flow 
deposits. In fact, the largest boulders appear to be derived from reworked sediments from the Jauro 
System. 
ii) Poorly sorted sandstones and siltstones 
Poorly sorted sandstones and siltstones form only a minor component of the Jauro village section. 
Although these sediments are present throughout the section they become more common up through 
the succession (Figure 5.33). Characterised by lithofacies Sm and Fm, the sandstones and siltstones 
form lensed units up to 1.25m thick that can be traced laterally over several tens of metres. Although 
generally massive, numerous floating clasts and scoured pockets of gravel, pebbles and rare cobbles 
are common within the sandstones and siltstones. These clasts are commonly imbricated (Figure 
5.34C). Most of the sandstone and siltstone units have a distinct red colouration (5YR 5/6: bright 
reddish brown)^ locally, grey mottling is present as well as poorly developed carbonate nodules. 
The poorly sorted sandstones and siltstones were probably deposited as hyperconcentrated flows. 
Flood waters were viscous and cohesive enough to support individual clasts o f gravel and pebbles 
but were still fluid enough to imbricate clasts. According to Costa (1988) these sediments represent 
an intermediate type of flow between debris flow and normal flood waters. The lateral persistence of 
many of these units suggests that flows were laterally unconfined and therefore are typical of 
sheetflood deposits (Hogg, 1982; Blair, 1987). The strong red colouration, grey mottles and presence 
of carbonate nodules correspond to pedogenic modification which is described below. 
Hi) Poor to moderately sorted sheet conglomerates 
The poor to moderately sorted sheet conglomerates dominate the Jauro village section. Characterised 
by lithofacies Gm and Gh, the conglomerates form lensed units up to 1.5m thick that can be traced 
laterally over several tens of metres. Basal parts of conglomerate units display a well defined planar 
erosion surface commonly cut into poorly sorted sandstones (Figure 5.34D). Lithofacies Gm 
comprise the coarser clast populations within the basal parts of units. These often fine upwards into 
less coarse weakly, bedded conglomerates of lithofacies Gh, which in turn may be draped with a thin 
sandstone (Sm). Typically, the conglomerates are poor to moderately sorted and are composed of 
angular to sub-rounded clasts of gravel, pebbles and cobbles which are either supported within a 
sand matrix or are clast supported. Clasts are well imbricated. 
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Figure 5.34 - Sedimentary detail from the 
Jauro village section, Los Calentones 
Sub-System (GR.923238). A: Oven/iew of 
the basal part of the logged section (Figure 
5.33). Debris flow deposits (Gms) comprising 
large oversized clasts up to 3m in diameter 
Reworked alluvial fan matenal is merited 
with a *. The white arrows trace a thin 
palaeosol developed over the top of the flow. 
Person's height = 1.63m. B: Detail of the 
debris flow deposit. Note poor sorting and 
matrix support. Notebook height = 2Qcm. C: 
Detail of a hyperconcentrated sheetflood 
deposit from the mid part of the logged 
section. Note imbhcated gravel to cobble 
clasts supported within the sandstone. Pencil 
length (arrowed) » 14cm. D: Intertedded 
conglomerate and sandstone sheetflood 
deposit from the mid part of the logged 
section. Basal parts of the conglomerates 
are depicted by sharp erosive bases typically 
^9ym produced by turt)ulent flood waters (Hogg, 
1982; Blair, 1987). Clasts are clearly 
imbricated and the dominant palaeocunent 
direction is arrowed. Hammer = 35cm. 
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The conglomerates are similar to sheetflood deposits as described by Hogg (1982) and Blair (1987). 
Deposition occurred from laterally unconfined flows, possibly within a series o f wide shallow 
channels. Flood waters were probably turbulent due to the well defined planar erosive bases of units. 
Lithofacies Gm was deposited during flood, whilst Gh was deposited during waning flow. Thin 
sandstone drapes over the tops of some conglomerate units may also have been deposited during 
waning flow, possibly from suspension. 
b) Pedogenic modification 
Pedogenic modification occurs mainly within poorly sorted sandstone units and within the uppermost 
parts of some of the conglomerate units. Modification is characterised by a red colouration (SYR 
7/6: orange\ grey mottling (2.SYR 7/3: pale reddish orange) and carbonate nodules (Stage 11: Gile 
et ai, 1966). These features are typical of poorly developed entiso! and aridsol soils (Soil Survey 
Staff, 1975). The presence of grey mottles within some soils indicates areas o f reduction which may 
have been produced by ponding of water or water table fluctuations which are characteristic of 
hydromorphic entisols (Soil Survey Staff, 1975). Carbonate nodule development indicates a 
relatively arid climate. 
Section Interpretation 
Inierbedded sheetflood and debris flow deposits are typical of an alluvial fan depositional setting 
(Bull, 1972; 1977). The large clast size and low amount of fines throughout the sequence suggests a 
proximal alluvial fan setting. According to Bull (1972) the proportion of debris flow deposits 
decreases down an individual fan. In this case, debris flows are confined to the lower parts of the 
succession and therefore suggest that the fan becomes proportionally more distal up sequence. 
Possible causes of the fining upward sequence are discussed within Section 5.4.7. Large oversized 
boulders, up to 3m in diameter within the basal parts of the succession also support a proximal fan 
setting. Alluvial fans commonly display entrenchment, usually within proximal areas (Bull, 1972; 
1977; Harvey, 1978, 1982) and it is likely that many of the boulders have been reworked from the 
collapsed margins of entrenched chaimels. 
Clast assemblages within the Jauro village section change up through the succession. Within basal 
parts of the section clast assemblages are dominated by meta-carbonate clasts derived from the 
Lisbona Unit sourced from the Sierra Lisbona region. Within mid and upper parts of the succession 
there is notable increase in medium to high grade metamorphics of the Bedar, Nevado-Lubrin and 
Chive Units sourced from the Sierra de B6dar region. The significance of this clast assemblage 
change is considered in more detail within section 5.4.7. 
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ii) Los Calentones - GR.932244 
The Los Calentones section is located l.Skni to the northeast of the Jauro village section within a 
more distal basinwards setting from the Sierra Lisbona mountain front (Figure 5.27A). Up to 80m of 
interbedded conglomerates, sandstones and siltstones of the Jauro System are exposed along Los 
Calentones ridge and the Rio Antas. Basal parts of the section unconformably overlie metamorphic 
basement and nearshore marine sediments of the Vera Member (Espiritu Santo Formation). Mid and 
upper parts of the section show a conformable gradation into early Pleistocene fluvial terrace 
sediments. 
A sedimentary log through this section shows the principal facies characteristics, clast assemblages 
and palaeocurrent directions (Figure 5.35). 
a) Sheet-form facies 
i) Matrix supported conglomerates 
Matrix supported conglomerates dominate the lower parts of the Los Calentones section. 
Characterised by lithofacies Cms, the conglomerates form a series of lensed units up to 1.5m thick 
that can be traced over several tens of metres. Individual units o f conglomerate are either massive or 
show an inverse grading, coarsening upwards. Poorly sorted, the conglomerates are composed of 
angular to sub-rounded gravel to boulder size clasts supported within a red coloured silt-fme sand 
matrix. Clasts sometimes show a weak imbrication or vertical orientation, particularly within coarse 
cobble-boulder rich areas. 
The poorly sorted conglomerates are typical of cohesive debris flow deposits. 
ii) Poorly sorted sandstones and siltstones 
Poorly sorted sandstones and siltstones form a minor component of the lower section but dominate 
the mid parts of the Los Calentones section. Characterised by lithofacies Sm and Fm, the sandstones 
and siltstones form units up to 6m thick that can be traced laterally for up to lOOm. Individual units 
are massive, characterised by imbricated floating clasts of gravel and pebbles. Less common are thin 
gravel lenses or scour fills. The strong red colouration (SYR 5/6: bright reddish brown) is 
commonly uniform throughout the siltstones and fine sandstones but sometimes takes on a colour 
banded appearance or is concentrated into the upper 20cm of a unit. Grey coloured mottling and 
vertically arranged grey coloured streaks sometimes up to Im in length, often surrounded by a halo 
of stronger red colouration commonly occur, particularly within the thicker units. 
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LOS CALENTONES DISTAL ALLUVIAL FAN 
GR.932244: LOS CALENTONES 
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Figure 5.35 - Sedimentary log through the Los Calentones section. A fining upwards, 
then coarsening upwards sequence is identified based upon the ciast size, bed thickness 
and percentage ot conglomerate data. Basal and mid parts of the section correspond to 
alluvial fan deposition. This gradually switches to braided river deposition within upper 
parts of the section. Note the change in clast provenance up section. 
223 
Chapter 5: Evolution of the Primary Drainage Systems 
The lateral persistence of these units suggests deposition by unconfined sheetfloods (e.g. Hogg, 
1982; Blair, 1987). Poor to moderate sorting, floating clasts and gravel lenses are all features of 
hyperconcentraled flows (Costa, 1988). In this case the siltstones and fine sandstones represent 
hyperconcentrated sheetfloods. Units up to 6m thick probably represent amalgamation of several 
depositional events. Extensive red colouration, colour banding, grey mottling and streaks are all 
pedogenic features and are considered in more detail below. 
Hi) Poor to moderately sorted sheet conglomerates 
Poor to moderately sorted sheet conglomerates are interbedded with debris flov^ deposits within the 
lower parts of the Los Calentones. The conglomerates are characterised by lithofacies Gm and Gh, 
forming units up to 1.5m thick that can be traced laterally for up to 100m. Lithofacies Gm are 
massive or fme upwards into Gh or Sm. Coarser clast populations define the base of units, overlying 
a well defined planar erosion surface cut into the previously described poorly sorted sandstones. 
Conglomerate are poor to moderately sorted and comprise angular to sub-rounded clasts of gravel 
and pebbles that are clast supported or supported within a sand matrix. Clasts are well imbricated. 
The conglomerates are interpreted as sheetflood deposits. Deposition occurred as laterally 
unconfmed flows. Lithofacies Gm was deposited during flood by highly turbulent flood waters which 
cut into underI>Tng siltstone and fine sandstone units. Lithofacies Gh and Sm were deposited during 
waning flood, with the sandstones probably being deposited from suspension. 
b) Bar-form facies 
The bar-form facies is confined to the uppermost part of the Los Calentones section where it is 
composed of grey coloured sheet conglomerates characterised by lithofacies Gm and Gh. Individual 
sheets of conglomerate are up to 0.3m thick and can be traced laterally over several metres. 
Moderate to well sorted, the conglomerates are composed of sub-angular to sub-rounded clasts of 
gravel, pebbles and cobbles supported within a sand matrix. Clasts are cleariy imbricated. 
Lithofacies Gm forms the basal parts of sheets and commonly fines upwards into Gh or rarely, Sm. 
The uppermost part of the succession is capped by a thick carbonate cmst and strongly developed 
red soil up to 2m in thickness expressed as a pronounced low gradient geomorphic surface that can 
be traced along the length o f Los Calentones ridge towards the basin centre. Clast assemblages from 
this facies are dominated by medium to high grade metamorphics of the Bedar, Nevado-Lubrin and 
Chive Units of the Nevado-Filabride Complex. 
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Figure 5.36 - Sedimentary detail from the Los 
Calentones section (GR 932244). A: Detail from the 
mid pan of the logged section (Figure 5.35) 
Interbedded thick pedogenlcally altered sheetflood 
sandstones and thin sheetfood conglomerates 
deposited within a distal alluvial fan setting. A large 
channel structure (detailed below) is arrowed. 1cm = 
1m B: Detail of pedogenically altered sheetflood 
sandstones. Grey coloured streaks are typrcal of 
pseudogley soils and represent areas of reduction 
within the sandstones formed by either ponding of 
water in cracks or root traces, or by water table 
fluctuations. The sandstone represents an 
amalgamation of several depositional events. Breaks 
in deposition can be traced by darker reddening and 
weak erosion surfaces (arrowed) Person's height = 
1 78m C: Simple ribbon channel structure from the 
upper pan of the section, cutting down into alluvial 
fan sheetflood sandstones and conglomerates 
Sitting Person's height = 1m. 
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The conglomerates represent deposition as poorly developed longitudinal bar-forms similar to those 
described by Smith (1974) and Hein & Walker (1977). Gm was probably deposited as a diffuse 
sheet of sediment during flood, whilst Gh and Sm were deposited during waning flow. Clast 
assemblages suggest that the sediment for the bar-form facies was derived from the Sierra de Bedar 
region to the south of the Los Calentones locality. 
c) Channel Facies 
The channel facies occurs within the mid part of the Los Calentones section and is characterised by 
conglomerates of lithofacies Gm, Gh and rarely Gp (Figure 5.35). These conglomerates form simple 
ribbon bodies up to 2m deep and 10m wide with wings that are cut into poorly sorted red siltstones 
and fine sandstones (Figure 5.36C). Basal parts of the sediment bodies are composed of coarse 
pebbles and cobbles which fine upwards into gravel and coarse sand within the central body. These 
conglomerate fills arc mainly massive, lacking any structure. Conglomerates are typically moderate 
to well sorted, clast supported and are composed of sub-angular to sub-rounded clasts of gravel to 
cobbles. Lithofacies Gp comprises low angle planar foresets of gravel and pebbles which dip at up to 
10° with tangential bases. 
The channels were cut during flood by turbulent waters. In most cases the massive nature of these 
conglomerates suggests that channels were cut and filled during single depositional events. The rare 
occurrence of lithofacies Gp indicates that some channels were infilled by lateral or transverse bars. 
According to Friend et al. (1979) these ribbon t>TDes of channels are t>'pically formed by low or high 
flood strengths and strong cohesive banks within a flash flood regime. These conditions are probably 
the same for the channels within the Los Calentones section where the channels were cut into 
cohesive sandstones. 
Clast Provenance of the channel facies shows a notable increase in the proportion of garnet mica 
schists, amphibolites, tourmaline gneisses and chlorite mica-schists all of which form a clast 
assemblage typical of the Bedar, Nevado-Lubrin and Chive Units sourced from the Sierra de Bedar 
region. This contrasts with the meta-carbonate dominated Lisbona Unit clast assemblages for 
sheetflood and debris flow deposits within lower parts of the succession. 
c) Pedogenic Modification 
Pedogenic modification is particularly evident within the siltstone and fine sandstone units in the mid 
parts of the Los Calentones section (Figure 5.35). These sediments have a distinct red colouration, 
sometimes with a banded appearance. Grey coloured mottles and vertically orientated streaks, often 
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outlined by strong red coloured haloes, are also very common (Figure 5.36A,B). Vertical streaks are 
often greater than Im in length. 
The red colouration relates to haematitic reddening. Grey mottling and vertically orientated streaks 
are reduction features typical of pseudogleys (Buurman, 1975; Wright & Allen, 1989) formed by 
ponding of water within pore spaces, cracks or former root traces. Colour banding may have been 
formed by water table fluctuations. These pedogenic features are typical of hydromorphic entisols 
(Soil Survey Staff, 1975). In this case the extensive degree of grey mottling, appears to have 
occurred follov^'ing several deposilional events and therefore possibly relates to water table 
fluctuations. 
Section Interpretation 
Basal parts of the Los Calentones section are dominated by sheetflood and debris flow 
conglomerates similar to those observed within the basal and mid parts o f the previously described 
Jauro Village section. These sediments represent deposition by laterally unconfined flows within an 
alluvial fan setting. Sediments are dominated by Lisbona Unit clast assemblages and therefore 
represent the initial development of an alluvial fan sourced from the Sierra Lisbona over the former 
western margin shorelines of the Espiritu Santo Formation. 
Mid parts of the section fine upwards into sandstone dominated sheetflood deposits which have 
undergone extensive pedogenic modification. These sediments were deposited by a series of laterally 
unconfined flows typical of a distal alluvial fan environment. They form an overall fining upwards 
sequence and reflect an abandonment of the alluvial fan. Sheetflood conglomerates and rare debris 
flow deposits within the mid section areas are still dominated by a Lisbona Unit clast assemblage 
suggesting that the alluvial fan was still sourccd fi'om the Sierra Lisbona region. 
Within upper parts of the section distal alluvial fan sediments become interbedded with rare 
channelised conglomerates. Clast provenance of these channelised conglomerates shows a notable 
increase in clasts derived from the Bedar, Nevado-Lubrin and Chive Units sourced from the Sierra 
de Bedar region. The sequence coarsens upwards, with chaxmelised conglomerates increasing in 
number up succession and become interbedded with grey coloured sheet conglomerates at the 
expense of distal alluvial fan red coloured sandstones. These grey sheet conglomerates dominate the 
upper parts of the section and represent deposition by longitudinal bars typical of a braided river 
environment. Both the channelised and grey coloured sheet conglomerates are dominated by a 
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Bedar, Nevado-Lubrin and Chive Unit clast assemblage, sourced from the Sierra de Bedar region 
some distance to the south of Los Calentones. 
5.5.5 Evolution of the Los Calentones Sub-System 
The Los Calentones Sub-System is dominated by sheetflood and debris flow conglomerates, 
sandstones and siltstones which indicate deposition by laterally unconfined flows typical of an 
alluvial fan depositional setting (Bull, 1972). Coarse cobble-boulder conglomerates dominate the 
proximal areas of the fan around Jauro village. These conglomerates decrease in number down fan, 
with distal areas along Los Calentoncs ridge becoming dominated by red coloured pedogenically 
altered sandstones and siltstones. Basal parts of both proximal and distal fan areas arc composed of 
relatively coarse conglomerates which represent the initial progradation of the alluvial fan over the 
western margin shorelines of the Espiritu Santo Formation. Basal and mid parts of the Los 
Calentones Sub-System both comprise a Lisbona Unit clast assemblage indicating that the alluvial 
fan wzs sourced from the Sierra Lisbona region. 
The overall fining upwards sequence, particularly evident from the distal Los Calentones section, 
reflects the abandonment of the alluvial fan. The abandonment is coupled with a gradual change in 
depositional style and clast provenance. Conglomerate channel fills and longitudinal bars within the 
upper parts of the section reflect the development of a braided river environment. Clast assemblages 
are characterised by Bedar and Nevado-Lubrin Units and suggest that the braided river sediments 
were either directly sourced from the Sierra de Bedar region or that they have been reworked from 
the Loma del Perro Sub-System which is composed of a Bedar, Ncvado-Lubrin and Chive Unit clast 
assemblage. 
Unlike the Loma del Perro Sub-System, aerial photograph evidence shows that the Los Calentones 
Sub-System has no remnant morpholog>'. The only morphological expression comes from the low 
gradient terrace form of the early Pleistocene fluvial terrace o f the ancestral Rio Antas (Figure 5 .32). 
This surface defines most of Los Calentones ridge but can also be traced into the Loma del Perro 
Sub-System where the terrace is cleariy inset into the Loma del Perro alluvial fan (Figure 5.28 & 
5.29). In terms of the Los Calentones Sub-System, the braided river sediments appear to have buried 
any alluvial fan morphology of the Los Calentones Sub-System. 
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5.5.6 Evolution of the Jauro System 
i) Depositional Setting 
The Jauro System represents the development of two distinct alluvial fans, sourccd from the Sierra 
de los Filabres on the western margins of the Vera Basin. Evidence for an alluvial fan depositional 
setting is based upon: 
1. Aerial photograph analysis of the western basin margins shows a clear remnant alluvial fan 
morphology in the southern region of the Jauro System, sourced from an E-W orientated 
structural lineament within the Sierra de Bedar (Figure 5.29). This alluvial fan corresponds to 
the Loma del Perro Sub-System. 
2. An alluvial fan morphology of the Loma del Perro Sub-System is supported by field mapping 
and clast provenance studies of the Jauro System (Figure 5.28 & 5.29) which outline a fan-like 
morphology. The morphological expression of the Los Calentones Sub-System appears to have 
been destroyed by dissection of the Rio Antas during the Pleistocene but an approximate fan 
morphology can be ascertained from mapping the spatial distribution of Los Calentones Sub-
System. 
3. The summary palaeocurrent diagram for the Jauro System (Figure 5.27B) shows a radial 
distributary pattern from the Sierra de los Filabres mountain front towards a central basin area 
typical of that generated by an alluvial fan (Bull, 1972). 
4. Logged sedimentary successions display a series of coarsening and fining sequences which are 
commonly observed within ancient alluvial sequences (e.g. Heward, 1978). These coarsening-
fining sequences relate to progradation and abandonment of alluvial fan depositional lobes. 
5. Sedimentary units are dominated by conglomerates which correspond to debris flow and sheet-
flood processes of deposition, characteristic of an alluvial fan environment (Bull, 1972; 1977). 
Proximal to distal variations in depositional style, maximum clast size and bed thickness all 
conform with alluvial fan depositional settings (Bull, 1972; Heward, 1978; Harvey, 1984). 
ii) Palaeogeography of the Jauro System 
The evolution of the Jauro System is based upon relative timings and relates to the schematic 
palaeogeographic reconstructions within Figure 5.37. 
a) Early Jauro (Figure 5.37A) 
The early stages of the Jauro System are marked by the initial development of the Loma del Perro 
and Los Calentones alluvial fans from their respective source areas in the Sierra de Bedar and Sierra 
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Figure 5.37 - Schematic palaeogeographic reconstruction of the Jauro System. A: Pre-Jauro - progradation and 
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development of Los Calentones alluvial fan. B: Late Jauro - Maximum progradation and coalescence of Loma del 
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Lisbona over the former Pliocene shorelines of the Espiritu Santo Formation. The Loma del Perro 
alluvial fan prograded towards the northeast while Los Calentones prograded eastwards, both 
towards the centre of the Vera Basin. It is possible that the alluvial fan o f the Loma del Perro Sub-
System developed slightly earlier than that of Los Calentones. This assumption is based upon the 
occurrence of mid to late Pliocene shoreline and nearshore sequences discussed in Chapter 3 which 
represent the ver>' last phases of marine sedimentation within the Vera Basin. These final marine 
sequences occur along the northern margins of the basin and indicate that shorelines retreated 
towards the northeast from the western margins prior to their complete withdrawal at the end of the 
Espiritu Santo Formation. Such a withdrawal would have made the western basin margins fiilly 
continental before the northern margins. 
h) Late Jauro (Figure 5.37B) 
The late stages of the Jauro System are marked by the maximum progradation o f the Loma del Perro 
and Los Calentones alluvial fans. It is clear from clast assemblages, particulariy from the Rambla de 
los Matias locality, that the Loma del Perro and Los Calentones alluvial fans coalesced within their 
distal regions. Clast assemblages within these distal areas show equal proportions of meta-
carbonates of the Lisbona Unit and medium to high grade metamorphics of the Bedar, Nevado-
Lubrin and Chive Units. These assemblages suggest that sediment is being received from catchment 
areas within the Sierra de Bedar to the south and the Sierra Lisbona to the north. 
Significant changes of clast provenance, an overall fining upwards sequence and a change in 
depositional style are identified from distal parts o f the Los Calentones Sub-System. This evidence 
suggest that a significant palaeogeographic reorganisation occurred Nsnthin the Jauro System during 
the later stages of development. These changes include: 
1. Clast provenance - Basal and mid parts of the sedimentary succession within the Los 
Calentones Sub-System are dominated by meta-carbonates of the Lisbona unit sourced locally 
from the Sierra Lisbona region. Within upper parts of the sedimentary succession the clast 
assemblages become dominated by medium to high grade metamorphics of the Bedar, Nevado-
Lubrin and Chive Units sourced from the Sierra de Bedar region. 
2. Fining upwards sequence - Distal parts of the Los Calentones Sub-System display an overall 
fming upwards sequence (Figure 5.35). Within ancient alluvial fan sequences, fining up 
successions are commonly attributed to alluvial fan abandonment (Heward, 1978). This may 
relate to an exhaustion of sediment supply to the fan possibly by a reduction o f source area relief 
or to a switch of the main fan depocentre. 
231 
Chapter 5: Evolution of the Primary Drainage Systems 
3. Change of depositional style - Mid to upper parts of the succession within the Los Calentones 
Sub-System are characterised by a gradual increase in charmelised sediments up succession. 
These sediments grade conformably into the eariy Pleistocene fluvial conglomerates within the 
uppermost part of the section. 
c) Post Jauro (Figure 5.37C) 
The modem day drainage pattern within this western region of the Vera Basin has developed by 
incision down through the alluvial fan sequences of the Jauro System, forming up to 80m of 
dissection along Los Calentones ridge (GR.93I245). It is clear from the modem drainage pattern and 
from the occurrence of the early Pleistocene fluvial sediments within the upper parts of the Los 
Calentones Sub-System that a switch from alluvial fan to fluvial deposition occurred at some point 
during the latest stages of the Jauro System. The switch of deposition marked the formation of the 
ancestral Rio Antas which is considered in more detail within Chapter 6. 
5.5.7 Controls on Deposition of the Jauro System 
Spatial and temporal changes in sedimentation can be clearly identified from the sedimentary 
sequences of the Jauro System. The main evidence for variation within the system is derived from the 
Los Calentones Sub-System. Sedimentary successions within this sub-system reflect an initial 
progradation of an alluvial fan sourced from the Sierra Lisbona region. The fan then undergoes 
abandonment and a switch to braided river sedimentation occurs, sourced from the Sierra de Bedar 
region. By addressing the main controls on deposition a model for the development of the Jauro 
System can be proposed. The key controls to be addressed are: 
i) Geomorphology (autocyclic) 
ii) Sea level (allocyclic) 
iii) Climate (allocyclic) 
iv) Tectonics (allocyclic) 
i) Geomorphology 
Mather (1991; 1993) highlighted the important role that geomorphology can play in controlling the 
evolution of drainage systems from the Plio-Pleistocene sediments of the adjacent basin of Sorbas. 
These studies showed that major provenance and sedimentation (rate and style) changes can be 
attributed to river capture. Because major changes in provenance and sedimentation have occurred 
within the Jauro System possible geomorphic controls on the evolution of the system must be 
considered. 
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The morphology of alluvial fans is commonly controlled by the dominant sediment transport process 
that occurs at the time of fan development (Harvey, 1990). Transport processes are typically of 
either fluvial or debris flow/sheetflood origin. Fluvial processes tend to occur where streamside as 
opposed to hillslope derived sediment is available, whilst debris flow processes occur where sediment 
is derived from weathered hillslopes (Harvey, 1989). The transport processes themselves are 
governed by the ratio of coarse to fine material (Wells & Harvey, 1987), the amount of material 
available and the availability of effective runoff (Bull, 1979). These characteristics in turn are 
largely controlled by drainage basin size, topographic relief and geology (Harvey, 1989). 
The Jauro System fans are dominated by debris flow and sheetflood deposits which suggests that the 
alluvial fans were fed by moderately sized catchment areas with an abundance of weathered slope 
material. Indeed the distinct red colouration of the Salmeron Formation sediments may in part be a 
result of the reworking of former red soils within the fan catchment areas, a reason proposed by 
Harvey (1984) for the generation of fines for debris flow generation for many Quaternary alluvial 
fans in southeast Spain. 
The occurrence of channelised deposits within the distal parts of the Los Calentoncs fan suggests 
that the alluvial fan surface was entrenched. Entrenchment of alluvial fans is sometimes associated 
with a reduced sediment supply, particularly within mid fan areas (Harvey, 1989). A reduction of 
sediment supply could be related to a source area exhaustion. In the case of the Los Calentones Sub-
system, a change in clast assemblage shows that the original Sierra Lisbona source area ceased to 
supply sediment to the alluvial fan. The entrenched fan surface began to receive sediment from the 
Bedar and Nevado-Lubrin Units. This change in provenance suggests that the sediment was either 
reworked from the Loma del Perro Sub-System or that sediment was directly received from the 
Sierra de Bedar region. It is clear that fan entrenchment occurred prior to the complete abandonment 
of the Jauro System alluvial fans due to the interbedded nature of distal alluvial fan sediments with 
the channelised deposits. Apart from the fact that one sediment source area was switched o f f and 
another was switched on, geomorphic controls alone cannot explain the evolution of the Jauro 
System. It is apparent that the short term autocyclic geomorphic factors were themselves governed 
by allocyclic climatic or tectonic factors. 
ii) Climate 
Climatic factors are considered to affect both sediment generation and transportation processes 
within the alluvial fan environment (Harvey, 1989). The short term effects of climate lead to 
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variations in sediment supply which in turn govern the longer term effects o f fan aggradation and 
dissection (Harvey, 1989). These effects become particularly evident within semi-arid and arid 
systems which are sensitive to small changes in regional rainfall (Frostick and Reid, 1989). 
In terms of the Jauro System, alluvial fan sediments are dominated by debris flow and sheetflood 
deposits. These depositional styles suggest that low frequency high magnitude storm events were 
responsible for flood generation and deposition. This suggests a possible semi-arid climate or at least 
a strongly seasonal climate with a long dry season. In general, little is known about the precise 
climatic conditions and any changes that may have occurred within southeast Spain during the late 
Pliocene / early Pleistocene. The main climatic evidence focuses upon the mid to late Pleistocene 
period during which arid glacial and less arid interglacial periods (Amor & Florshutz, 1964) appear 
to have controlled aggradation (glacial) and dissection (interglacial) of alluvial sequences (Harvey, 
1987). 
In theory, the effects of a climatic change leading to source area exhaustion during the late stages of 
the Jauro System would be expressed by an increase in pedogenic modification of alluvial fan 
sediments, particularly with an increased calcrete development as the climate became progressively 
more arid into the Pleistocene. This is not apparent within any of the fan sediments. Although the 
alluvial fans appear to have been abandoned during the late stages of the Jauro System, the 
occurrence of channel fill sediments interbedded with distal alluvial fan sheetflood deposits suggests 
that a significant sediment supply was maintained during fan abandonment and switch to braided 
river conditions. Any climatic change would also affect sediments of the Salmeron Formation on a 
basin wide scale. Therefore similar fan entrenchment would be expected to be identified within the 
alluvial fan sequences of the Cuevas System along the northern basin margins. This is not the case as 
these fan sequences only show evidence for progradation by coarsening upwards. 
iii) Sea-level 
In the case of the Jauro System, relative sea-level (ultimate baselevel: Schumm, 1993) is not 
considered to have any effect on the development of the Jauro System because due to the withdrawal 
of the late Pliocene Sea into the Pulpi Corridor and towards the eastern margin o f the Vera Basin by 
Salmeron Formation times. 
iii) Tectonics 
Tectonics are considered to be the main long term control over alluvial fan development and has 
commonly been argued as the principal controlling factor for the evolution of ancient and recent 
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alluvial fan sequences (e.g. Steel et al., 1977; Heward, 1978; Nichols, 1987; Hartley, 1993; Silva et 
QL, 1992). Regional tectonic patterns will create the gross topography in which alluvial fans form 
(Harvey, 1989). This includes the juxtaposition of a mountain front area in which sediment is 
generated against a subsided basin area in which transported sediment accumulates. 
Having generated the gross topographical conditions necessary for alluvial fan formation, active 
tectonics can influence the development of alluvial fans by directly influencing fan gradients and by 
indirectly influencing erosion rates (Harvey, 1989). Fan gradients can be increased by tilting, 
commonly generated by uplift within the fan apex or fan catchment areas. Tilting at the fan apex will 
induce localised base level changes which lead to entrenchment within mid fan areas, hcadwards 
erosion and a shifting of the main depositional area downfan (Heward, 1978; Rockwell et al., 1984). 
In these situations a secondary' fan may develop, sometimes expressed as a telescopic fan form 
(Denny, 1967; Bowman, 1978; Heward, 1978). 
The long term regional tectonic pattems appear to have controlled the overall basin and range 
development of the Vera Basin (Chapter 4). This topography has been generated as a response to 
nappe emplacement, regional compression and ongoing epeirogenic uplift that has affected the 
eastern Betic Cordilleras since the Oligoccne (Weijermars et al., 1985). During Cuevas, Espiritu 
Santo and Salmeron Formation times differential regional uplift of the Vera Basin accentuated a 
falling Pliocene sea level. This provided the significant topographic reliefs of the sierras bounding 
the Vera Basin, in particular the Sierras Filabres and Abnagra and a low gradient coastal plain 
exposed by the retreating Pliocene Sea onto which the alluvial fans of the Salmeron Formation 
prograded. 
Examination of the deformational pattems affecting the Vera Basin during the Plio-Pleistocene has 
identified a distinct phase of NW-SE to N-S compression during the early Pleistocene (Chapter 4). 
The structural response of the Vera Basin to this compressional phase was by the formation of a 
series of NNW-SSE extensional faults. Along the westem basin margins extensional faulting and 
passive folding has affected a distal area of the Loma del Perro Sub-System near to Jauro village 
(Section 4.4.2; Figure 4.11). This deformation appears to be contemporaneous with the later stages 
of development of the Jauro System alluvial fans and beginnings of braided river deposition. South 
of Jauro village (<lkm), a 0.5km^ zone of deformation has resulted in lithified alluvial fan sediments 
of the Loma del Perro Sub-System being draped over a series of normal faults, with throw in a 
basinwards direction towards the east. The deformation is typical of a draped monocline whereby 
alluvial fan sediments are draped over a buried normal fault (Bally, 1983). Such structures have 
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Rgure 5.38 - A: Proposed deposrtional model for the final stages of the Jauro System drainage. 
Late Pliocene • progradation and coalescence of the alluvial fans of the Loma del Perro and Los 
Calentones Sub-Systems from fault bounded basin margins. Both alluvial fans reflect distinct ctast 
provenance characteristics derived from their respective source areas within the Sierras de B6dar 
and Lisbona. 
Eariy Pleistocene - abandonment of both alluvial fans of the Jauro System and development of a 
braided river system. The braided river represents the ancestral Rio Antas. The switch is initiated 
by a basinwide compresstonal phase during the earty Pleistocene, e)a)rBssed by a series of 
rm-SE to N-S extensional faults. Differential fault movement resulted in the Loma del Perro 
alluvial fan being uplifted in relation to Los Calentones. Fan sediments were draped over the 
faults, fomiing a monodinal structure. Increased fan surface gradients stimulated rapid incision 
into the Loma del Perro fan. Sediment removed from fan entrenchment was rewori<ed and 
deposited over the Los Calentones fan, in more distal, basinwards areas as a braided river. This 
accounts for the clast provenance change and switch in depositional style as obsen^ed within the 
Los Calentones section sedimentary log (Figure 5.35). 
B : 
Drmpe toW 
Rgure 5.38B - Idealised block diagram showing the development of a drape fold 
on alluvial fan sediments over a buried nomial fault (from Keller & Pinter. 1996). 
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been observed within modem alluvial fan environments in the western United States by Keller and 
Pinter (1996) (Figure 5.38B). The presence o f a draped monocline within alluvial fan sediments of 
the Jauro System suggests that the Loma del Perro alluvial fan was uplifted in relation to the Los 
Calentoncs fan. Differential uplift would lead to an increase in fan gradient of Loma del Perro and 
would ultimately result in fan entrenchment and abandonment. On the basis of this deformational 
evidence a depositional model for the development of the Jauro System is proposed (Figure 5.38A). 
Since the Miocene, the Vera Basin has been undergoing uplift a result of regional epeirogenic uplift 
(Weijermars et al., 1985), During the early Pleistocene NW-SE to N-S extensional faulting resulted 
in the localised uplift of the Loma del Perro alluvial fan. Deformation appears to have occurred after 
lithification of the fan sediments due to the brittle st>'le of faulting. Deformation of unlithificd 
sediments would have generated folding and intra-formational unconfomities as has been observed 
within some studies of syn-tectonic development o f ancient alluvial fans elsewhere (e.g. Nichols, 
1987; Madier, 1991; 1993). 
1. An increase in fan gradient resulted in fan entrenchment and ultimately rapid fan surface 
abandonment. The well preserved alluvial fan morphology of the Loma del Perro Sub-System 
suggests that the whole alluvial fan was uplifted otherwise ftirther deformation would have 
disrupted the fan morphology which in this case has clearly been well preserved (Figure 5.29). 
2. Sediment eroded from the Loma del Perro fan was reworked and deposited in distal, more 
basinward areas by braided river channels that were slightly entrenched into the Los Calentones 
fan surface. Channel entrenchment on Los Calentones probably relates also to fan uplift, 
although uplift rates were relatively low when compared to those of Loma del Perro. Increased 
erosion of sediment from Loma del Perro and deposition over Los Calentones would explain the 
progressive increase in Bedar, Nevado-Lubrin and Chive Unit clast assemblages within the Los 
Calentones Sub-System at the expense of locally derived Lisbona Unit sediment. It would also 
resolve the coarsening upwards sequence identified within the distal sedimentary log recorded at 
the Los Calentones localit>' (Figure 5.35) produced as the depocentre o f the fan and newly 
formed entrenched channel shifted basinwards. 
3. Continued uplift led to further entrenchment and headcutting within the Loma del Perro Sub-
System. The incised channel developed into the northern side of the Loma del Perro Sub-System 
and continued to headcut towards the southwest. On reaching the Sierra de Bedar mountain front 
the incised channel exploited the E-W orientated structural lineament and proceeded westwards, 
developing into a new drainage system corresponding to the ancestral Rio Antas. 
237 
Chapter 5: Evolution of the Primary Drainage Systems 
5.6 S Y N T H E S I S O F T H E S A L M E R O N F O R M A T I O N D R A I N A G E E V O L U T I O N 
5.6.1 Introduction 
Having presented the main spatial and temporal characteristics of the Salmeron Formation this 
section summarises the changing palaeogeography of the Vera Basin during the late Pliocene and 
early Pleistocene (Figure 5.39). Temporal divisions o f early, mid and late Salmeron are based upon 
relative stratigraphic and field relationships, and arc not related to a precise chronostratigraphic 
framework. The main controls of deposition during the evolution of the Salmeron Formation arc also 
addressed, including tectonics, climate, eustatic and geomorphic controls. 
5.6.2 Early Salmeron 
Initial development of the Salmeron Formation occurred as the Pliocene shorelines retreated fi-om the 
western basin margins. Fan-delta deposition of the Espiritu Santo Formation within the central part 
of the Vera Basin had ceased. Only the northern most part of the Vera Basin had a weak marine 
connection towards the east with the Pulpi Corridor. A combination of uplift of the Sierra de los 
Filabres and a gradual lowering of the Pliocene sea level provided both the topographic relief and a 
low gradient coastal plain area onto which two alluvial fans of the Jauro System prograded. Initial 
sedimentation was marked by the development of the Loma del Perro Sub-System alluvial fan which 
prograded fi-om a clear E-W orientated basin margin fault within the Sierra de Bedar region. Debris 
flow and sheetflood deposits partially reworked the underlying former rounded boulder to pebble 
dominated western margin shoreline sequences of the Espiritu Santo formation. A second alluvial fan 
sourced from the Sierra Lisbona prograded over the low gradient coastal plain exposed once the 
Pliocene shorelines had retreated fi-om the northwestern region of the Vera Basin. At their maximum 
extent the two alluvial fans coalesced within their distal regions. 
Along the northern basin margins early parts of the Salmeron Formation were marked by the 
progradation of a single alluvial fan over the former northern margin fan-delta of the Espiritu Santo 
Formation. The alluvial fan formed the topset beds of the northern margin fan-delta sequences and 
represented the initial development of the Cuevas System drainage. Following the complete 
withdrawal of the Pliocene Sea from the northern region of the Vera Basin a series of coalescing 
mountain front alluvial fans prograded over the former northern margin shorelines of the Espiritu 
Santo Formation. Initial sedimentation reworked the former shoreline sediments within a series of 
sheetflood deposits. 
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Tectonic activity during the early Salmeron was relatively low apart from uplift of the Sierra de los 
Filabres and Sierra Almagra. A localised subsidence within the northern region of the Vera Basin 
also occurred (Section 4.6). The gradual withdrawal of the Pliocene Sea is probably both a ftinction 
of the tectonics and the global fall in sea level which occurred during the Pliocene. In this case it is 
difficult to isolate these controls fi-om the sedimentary evidence although it is clear that both played 
an important role in the development o f the end Espiritu Santo and early Salmeron Formations. 
Climatic controls are unclear. Palaeontologicai evidence from the end Espiritu Santo Formation 
suggests that coastal areas were relatively humid based upon the occurrence of mangrove / swamp 
areas near to Cuevas del Almaiizora (Section 3.5.2). However, inland areas along the basin margins 
appear to have been arid to semi-arid based upon the continental red bed style of the Salmeron 
Formation and domination of debris flow and sheetflood deposits. Red beds can be associated with 
desert-like conditions (Glennie, 1970; Turner, 1980) and this is supported by the occurrence of 
debris flow and sheetflood deposits which typically reflect low frequency high magnitude storm 
events, often within semi-arid to arid environments. Soil evidence suggests that during early 
Salmeron Formation times the climate was strongly seasonal with long periods of aridity and 
possibly a shorter wet season. Flood events lead to ponding of water, particularly within distal fan 
areas where hydromorphic entisols and pseudogleys developed. Soils also show early stage carbonate 
nodule development which docs suggest that conditions were relatively dry and support a strongly 
seasonal climate, possibly becoming more arid with time. 
5.6.3 Middle Salmeron 
Middle Salmeron is marked by the progradation of the Jauro and Cucvas System alluvial fans from 
the western and northern basin margins. In the northwestern region of the basin, the two drainage 
systems coalesced, forming a broad bajada dominated by extensively pedogenically modified fine 
sandstones and siltstones of distal sheetflood origin. 
Within distal areas of the Cuevas System, a small ephemeral playa lake developed within the area 
last occupied by the Pliocene Sea. Early stages o f the ephemeral lake were marked by ft-equent 
periods of drying out, characterised by interbedded lacustrine muds and evaporites. Later stages saw 
the lake grow in expanse, becoming more permanent and saline, characterised by a significant 
thickness of evaporites suggesting that the lake was periodically recharged. 
Progradation and coalescence of the Cuevas and Jauro Systems within the northwestern region of the 
basin led to the initial development of the Salmeron System drainage. This system drained the 
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northwestern most part of the Vera Basin and was initially characterised by the formation of a series 
of broad shallow charmels infilled with conglomeratic longitudinal bar-forms. These streams were 
ephemeral and developed into a linear topographic depression formed by the morphological 
expression of the coalescing alluvia! fans. With time the ephemeral streams became more mature, 
marked by the channelisation of sediments throughout the Salmeron System. This is particularly 
evident within the more distal parts of the Salmeron System where channels up to 3m deep were 
infilled with well developed transverse and lateral bar-forms. 
Tectonic controls for the ongoing development o f the Salmeron Formation were characterised by a 
continuing uplift of the Sierras Almagra and Filabres. This uplift provided a significant topographic 
relief which acted as a sediment source area for the alluvial fans and ephemeral streams. Most of the 
uplift was probably taken up along the pronounced basin margin faults identified along the northern 
and western basin margins. Ongoing subsidence is also evident from the northern region o f the Vera 
Basin with the development of a playa lake within distal areas of the Cuevas System. Playa lakes are 
commonly associated with a tectonically induced lowermost part of a sedimentary basin (Hardie et 
al, 1978; Shaw & Thomas, 1989; Blair & McPherson, 1994). 
Climatic controls must have been responsible in part for the development of the playa lake. These 
evaporitic deposits support a semi-arid to arid climate during the Salmeron Formation times. 
5.6.4 Late Salmeron 
The late Salmeron is marked by the maximum progradation of the Cuevas and Jauro System alluvial 
fans. These fans appear to have been entrenched and backfilled into their mountain front source 
areas. Evidence for backfilling is derived from aerial photograph evidence for the Cuevas System 
(Figure 5.5) and from field evidence for the Jauro System (Figure 5.31). Backfilling commonly 
relates to fan entrenchment which in turn often occurs within larger alluvial fans > 1km in length 
(Harvey, 1978). Ephemeral streams of the Salmeron System were relatively short lived in duration. 
The channels were abandoned and prograded over by distal alluvial fan sediments of the Jauro and 
Cuevas Systems during this late Salmeron stage. 
During late Salmeron Formation times tectonics appear to have become the main controlling factor 
for the development of the primary drainage systems. The Vera Basin under\s'ent a significant phase 
of N-S compression at some point towards the end of the Salmeron Fonmation which was expressed 
by a series of NW-SE to NNW-SSE orientated extensional faults (Chapter 4). The Salmeron 
Formation responded to this deformational phase by complete abandonment of the primary drainage 
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systems. AJong the northern basin margins the alluvial fans of the Cuevas System showed a simple 
response to the defonmation, expressed by their rapid abandonment. The early Pleistocene fluvial 
systems that succeeded the Cuevas System were characterised by widespread planation and incision 
represented by a series of large pediment surfaces and major drainage systems of the ancestral Rio 
Almanzora. These are considered in more detail within Chapter 6. 
Along the western basin margins, the Salmeron Formation responded to the deformation by a more 
complex sequence of events involving a geomorphic response to tectonics. Extensional faulting 
resulted in the alluvial fan sediments of Loma del Perro Sub-System being draped over the fault 
structures. The Loma del Perro alluvial fan was abandoned and incised into. Sediment eroded from 
incision into the uplifted fan was reworked into distal areas within the Los Calentones Sub-System. 
The sedimentary response to defonmation was recorded within the Los Calentoncs alluvial fan 
whereby distal sheetflood deposits were replaced by more fluvial channelised and braided river 
sediments. Continuing incision and headwards erosion culminated in the complete abandonment of 
the Jauro System and a switch to a braided river deposition, compartmentalised into an incised fill in 
proximal areas and a less confined braidplain in distal areas. 
5,6.5 Post Salmer6n 
The post Salmeron drainage developed over the former topographic surface of the Salmeron 
Fonmation as a series of low gradient pediment surfaces and broad braid-plain rivers. Only in the 
region of the Jauro System can a conformable gradation from the Salmeron Formation to the 
Pleistocene drainage system be observed. Al l other areas are erosively unconformable. Following the 
initial development of the early Pleistocene drainages the basin underwent dissection and resulted in 
die formation of the main modem drainages seen today; the Rios Almanzora, Ajitas and Aguas. The 
main controls on the evolution of these drainage systems appear to be the geomorphic response to 
tectonics and fluctuating climatic conditions experienced throughout the Pleistocene. These are 
considered in more detail within Chapter 6. 
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Chapter 6 
Superimposition of the Pleistocene Drainage Systems 
6.1 I N T R O D U C T I O N 
This chapter traces the next stage of the drainage evolution within the Vera Basin. The primary 
drainage network considered in Chapter 5 was composed of a series of large coalescent alluvial fans 
and small minor inter-fan channels that developed from the western, northern and northwestern basin 
margins following the retreat of the Pliocene shorelines. These continental sediments formed the final 
stages of basin fi l l during the late Pliocene and early Pleistocene. The next stage of drainage 
evolution records the supcrimposition of a secondary consequent drainage network over the former 
Pliocene and early Pleistocene basin topography. Evidence for the Pleistocene drainage network is 
derived from the analysis of continental alluvial sediments which are expressed as a series of terrace 
remnants that have evolved to the three main modem river systems and their tributaries that drain the 
Vera Basin today (Almanzora, Antas and Aguas) (Figure 6.1; Table 6.1). 
For the purpose of this study only the terrace levels of the Rio Antas, Almanzora and a tributary of 
the Rio Antas (Northwestern Tributar>' System) arc considered. This is because the origins of these 
drainage systems can be traced back to the primary consequent drainage o f the Vera Basin as 
represented by sediments of the Salmeron Formation (Chapter 5). The Rio Aguas is not considered 
in detail within this study because its origins are more directly related to the drainage evolution of the 
Sorbas Basin (see Harvey & Wells, 1987; Mather, 1991; Mather. 1993a,b; Mather & Harvey, 
1995). However, the Rio Aguas does play a role in the overall Pleistocene drainage evolution of the 
Vera Basin and is therefore considered briefly within discussions. 
The Rios Antas, Almanzora and the Northwestern Tributary System display up to four different 
terrace levels that record the progressive dissection of the basin following the abandonment of the 
primary drainage in the early Pleistocene. The terrace levels have been assigned relative stratigraphic 
ages (A - D; A is the oldest) using criteria defined by Harvey & Wells (1987) which includes 
sedimentology, lateral continuit>', height difference beUveen eroded bases of terraces and the degree 
of soil development. Preservation of these levels varies considerably within each drainage system. 
The Rio Aimanzora displays all four terrace levels, although terrace level D is poorly preserved. In 
contrast, the Rio Antas and its tributary system within the northwestern region of the basin record 
only one terrace level clearly, terrace level A. Other levels B-D are evident but cannot be accurately 
placed using the previously defined criteria. 
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F igure 6.1 - Principal modern drainages within the Vera Basin. Map based 
upon IGME 1: 200 000 geological map, Almeria-Garrucha sheet. 
Rio Almanzora Rio Antes Rio Aguas 
Internal / External 
Drainage Exorheic Endortieic Exorheic 
Headwaters Sierra Almagra & Almanzora Corridor 
Sierra de los 
Fliabres 
Sierra de los Rlabres 
& Sorbas Basin 
Point of Entry Cortijo los PInares GR.983303 
SOma.s.l. 
Jauro Village 
GR.924232 
180m a.s.l. 
Alfaix Village 
GR.922111 
110m a.s.l 
Length 14.5km 21km 15km 
Point of Exit Mojacar North of Garrucha Palomares 
Table 6.1 - Characteristics of the three main modern drainages of the 
Vera Basin. 
244 
Chapter 6: The Pleistocene Drainage Systems 
Terrace level A is the most important stratigraphic horizon for the Pleistocene drainage network 
because it marks the inauguration of the Pleistocene drainage network within the Vera Basin 
following the final stages of basin f i l l . Because of this importance and because of its excellent 
preservation within the Rio Antas, Northwestern tributary and Almanzora drainage systems, the data 
presented within this thesis is focused upon the development of Terrace level A. Detailed 
examination of Terrace level A involves identif>ang proximal, mid and distal variations in 
depositional style, source area provenance and palaeocurrent direction. As with Chapter 5, facies 
analysis is used to identify small-scale elements such as bar morphology (Figure 5.2) which in turn 
are then combined with other characteristics in order to reconstruct a detailed palaeogeography. 
Although terrace levels B to D are present within the Rio Almanzora drainage system, these levels 
are not considered in detail. Levels B and D arc too fragmentary to make any meaningful 
palaeogeographic reconstruction that would aid the understanding of Pleistocene drainage evolution 
of the Vera Basin apart from the fact that these levels represent the progressive dissection of the Rio 
Almanzora. Terrace level C of the Rio AJmanzora is well preserved and some of the key sections 
within its proximal and distal areas are considered in order to see i f any changes in depositional 
style, clast provenance or palaeocurrent directions exist. No palaeogeographic reconstruction is 
made for level C as again this level purely represents the progressive dissection of the Rio 
Almanzora during the Pleistocene. 
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6.2 T H E R I O A N T A S - Terrace Level A 
6.2.1 Introduction 
Along the western basin margin, remnants of Terrace level A of the Rio Antas are well preserved. 
Terrace sediments are characterised by a distinct grey coloured cap of conglomerates which overlie 
red coloured alluvial fan sediments of the Salmeron Formation. Morphologically the grey 
conglomerates form a well defined low gradient surface that grades towards the centre of the Vera 
Basin (see Chapter 5: Figure 5.32). These sediments partly represent the final phase of basin fill 
because locally the sedimentary succession displays an important conformable sequence \\\ih. 
underlying alluvial fan sediments of the primar>' drainage system (Jauro System, Salmeron 
Formation). 
The precise age of these oldest terrace remnants is difficult to establish. From stratigraphic 
relationships it is clear that the terrace sediments post-date the Salmeron Formation. Electron Spin 
Resonance dating of travertine carbonate horizons which underlie the oldest terrace remnants of the 
ancestral Rio Almanzora in the north of the Vera Basin by Wenzens (1992b) provided a date of 
1.6Ma. I f the entire Vera Basin underwent dissection at the same time then this would suggest that 
oldest terrace sequences throughout the Vera Basin were at least early Pleistocene in age. 
Palaeocurrent and clast assemblages suggest that sediments were derived mainly from the Bedar, 
Nevado-Lubrin and Chive Units of the Nevado Filabride Complex which crops out in the southwest 
of the study area in the Sierra de Bedar region. Clast compositions are t>'pically dominated by mica-
schists, amphibolites and tourmaline gneisses. Stratigraphic and sedimentary characteristics allow 
terrace level A of the Rio Antas to be sub-divided into three zones: proximal, mid and distal in 
relation to the Sierra de los Filabres mountain front (Figure 6.2). Summary characteristics 
(palaeocurrents, clast assemblages, stratigraphic relationships and alluvial architecture) are 
presented within Table 6.2. 
Four main localities are used to examine the proximal to distal variations of palacocurrents, clast 
assemblages, stratigraphy and sedimentology (Figure 6.3): 
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Chapter 6: The Pleistocene Drainage Systems 
Valley Fill - i) Rio Jauro (GR.916218) Proximal zone 
Braid-plain - ii) Los Calentones (GR.932244) 
iii) Venta de Antonio Garcia (GR.966249) 
iv) El Jaroque {GR.975236) 
Mid zone 
Distal zone 
6.2.2 Sedimentology 
i) Rio Jauro (GR.916218) 
Incision by the modem day Rio Jauro has provided excellent exposures through up to 30m of valley 
fill sediments within proximal regions of the Early Pleistocene Rio Antas (Figure 6.2 & 6.3). The 
principal exposure near to Cortijo los Cazorlas on the eastern side of the modem Rio Jauro 
(GR.916218) is composed of interbedded conglomerates and sandstones that are both parallel and 
partially oblique to the principal palacocurrent direction (northeast). Stratigraphically these 
sediments unconformably overlie mica-schists and meta-carbonates of the Nevado-Lubrin and 
Lisbona Units (Nevado-Filabride Complex) and marls of the Turre Formation. The vertical 
succession is depicted within a sedimentary log (Figure 6.4) whilst an overview of the Rio Jauro 
section and detailed sedimentary evidence is presented within Figure 6.5. Palaeocurrents indicate a 
dominant transport direction towards the northeast, whilst clast assemblages are dominated by 
medium to high grade metamorphics derived from the Nevado-Lubrin and Bedar Units of the 
Nevado-Filabride Complex (Figure 6.4). 
a) Sheet-form fades 
The sheet-form facies forms only a minor component of the Rio Jauro section where they arc 
characterised by conglomerates of lithofacies Gms. Conglomerates form rare sheets up to 1.5m thick 
that can be traced laterally over several tens of metres. Massive and poorly sorted, the conglomerates 
are composed of sub-angular to rounded cobble and boulder clasts supported within a red silt matrix. 
Clasts show no imbrication. 
The conglomerates are typical of cohesive debris flows similar to those described by Costa (1984; 
1988). Lateral persistence of the sheet conglomerates suggests that debris flows occupied large areas 
of this proximal valley location during flood. The red colouration of the matrix flows may suggest 
that these fines were reworked from former weathered slope material from either the surrounding 
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1. Rio JauroGR.916218 
2. Los Calentones GR.932244 
3. Venta de Antonio de Garcfa GR.966249 
4. El Jaroque GR.975236 
89 90 91 92 93 94 95 96 97 98 99 
Figure 6.3 - Eariy Pleistocene. Terrace Level A of the Rio Antas location map 
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BRAIDED RIVER VALLEY FILL 
GR 916218: RIO JAURO 
G m / G h 
S n i / G h 
Oac/Gh 
T S — S — h 
Figure 6.4 - Sedimentary log through the Rio Jauro section. Note the increase of 
clasts derived from the B6dar, Nevado-Lubrfn & Chiv6 Units up the succession. This 
suggests either unroofing of the basement or expansion of the Early Pleistocene Rio 
Antas catchment area into B6dar. Nevado-Lubrfn & Chiv6 Unit (Nevado-Filabride 
Complex) dominated areas with time. 
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catchment area for the river or that material may have been reworked from the adjacent red coloured 
alluvial fan sediments of the Salmeron Formation (Loma del Perro Sub-System). 
b) Bar-form fades 
The bar-form facies dominate the Rio Jauro section where they are composed of conglomerates 
corresponding to lithofacies Gm, Gh, Gi and rarely Sm. The conglomerates form lensed units up to 
Im thick which can sometimes be traced laterally over several tens of metres. Basal parts of the 
conglomerates are t>pically erosive, either planar or slightly undulose in form. Lithofacies Gm 
commonly comprises the coarser clast populations of pebbles and cobbles, often grading vertically 
and laterally into Gh, Gl and rarely Sm. Poor to moderately sorted, the conglomerates are composed 
of well imbricated angular to sub-rounded clasts of gravel, pebbles and cobbles supported within a 
sand matrix. 
Lithofacies Gm probably represents deposition as diffuse sheets of gravels, deposited during 
maximum flood similar to that described by Hein and Walker (1977). Gh and Gl were deposited 
during waning flow with Gm acting as a core for bar development and migration (Hein & Walker, 
1977). Erosive bases of the conglomerates suggests that flood waters were turbulent. The occurrence 
of the conglomerates as laterally persistent lensed units suggests that deposition took place within 
broad shallow channels. 
c) Channel facies 
The channel facies are rare within the Rio Jauro section, occurring as small symmetrical channels up 
to 0.5m deep and 0.6m wide (Figure 6.5C). In most cases the channels cut down into sandstones of 
lithofacies Sm. Fills are typically composed of pooriy sorted gravel conglomerates of lithofacies Gm 
and rarely Gms which are supported within a sand matrix and show a weak clast imbrication. 
The channel structures are characteristic of simple ribbon structures (terminology of Friend et ai, 
1979) which were cut during flood. The scoured charmel margins suggests that flood waters were 
initially highly erosive. Poor sorting and matrix support of the channel fills suggests that flood 
waters were rich in sediment, possibly h>T)erconcentrated, which resulted in rapid plugging of the 
channel with sediment. 
d) Inter-channel facies 
The inter-channel facies are present throughout the Rio Jauro section where they interbedded with 
conglomerates of the bar-form facies. Characterised by sandstones of lithofacies Sm and Sh, the 
sandstones form lensed units up to 0.8m thick which can be traced laterally over several metres. 
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Figure 6.5 - A: West-east orientated 
photo mosaic of the Rio Jauro section 
(GR.916214). The sediments fomi a flat 
terrace-like morphology (a) which is inset 
into the upper surface of the Loma del 
Pen-o Sub-System. The logged locality 
(Figure 6.4) is marked. B: Pedogenically 
altered sandstones of the inter-cnannel 
facies. The vertically orientated cart)onate 
stmctures are rtiizollths. Poor sorting of 
the sandstone may be attributed to 
pedoturtjation by root structures. Gravel 
scours are common within the facies 
(arrowed). Pencil length = 14 cm. C: Small 
scoured channel plugged with poorty 
sorted matrix supported conglomerates by 
debris flow processes. Lens cap width = 
5.2cm (arrowed). 
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Lilhofecies Sm is typically poorly sorted and lacks any internal structure whilst Sh displays better 
sorting and is often interbedded with thin, laterally impersistent lenses of imbricated gravels. The 
sandstones are commonly beige in colour (lOYR 7/3: dull yellow orange), although sometimes 
display a weak red to orange colouration. Carbonate nodules, sometimes forming an ill-defined 
honeycomb like structure are sometimes observed within the red-orange coloured sandstones (Figure 
6.5B). 
Sandstones of the inter-channel facies were probably deposited under low energy conditions within 
abandoned channel reaches normally infilled with conglomerates of the bar-form facies. The 
presence of gravel lenses within lithofacies Gh is typical of chute cut-off fills described by Smith 
(1974) whereby abandoned channel reaches receive coarser sediment due to spillovers fi'om adjacent 
gravel bars. Evidence for this is supported by the common interbedding o f bar-form conglomerates 
and inter-channel sandstones suggesting that sediments were deposited adjacent to one another. The 
red-orange colouration and carbonate nodules are pedogcnic features which are considered in more 
detail below. 
e) Pedogenic modification 
Pedogcnic modification throughout the Rio Jauro section is confined to the sandstone units of the 
inter-channel facies, characterised by a red-orange colouration (7.5YR 7/4: dull orange) and 
carbonate nodule development. Uppermost parts of the Rio Jauro section are capped by a well 
developed laminar carbonate crust, locally up to 0.3m thick with a well defined, sharp upper surface 
and ill-defined, gradational lower surface. The crust is itself veneered by a red pebbly sand (SYR 
5/8: bright reddish brown). These pedogenic features define a flat terrace form, remnants of which 
can be traced ft-om the village of Los Raimundos (GR.913208) in the most proximal areas through to 
Cortijo I D S Cazorlas (GR.918230) in more distal areas. 
The red-orange colouration of the inter-channel sandstones is produced by haematitic reddening 
typical of a rudimentary entisol developed into overbank or inter-channel deposits. Similar soil 
development has been observed within inter-charmel fines in modem braided systems by Williams 
and Rust (1969). Carbonate nodule development is typical of a stage II (Gile et al., 1966) reflecting 
a relatively mature soil. According to Gile et al (1966) carbonate nodules within non gravelly soils 
take longer than 5000 years to form suggesting in this case long periods o f subaerial exposure 
punctuated by periodic reworking by floods. 
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The well developed carbonate crust and strongly developed red soil within the uppermost part of the 
section defines the flat terrace form of the valley f i l l sediments. The indurated carbonate crust is 
characteristic of a calcrete corresponding to a stage IV development and suggests long periods of 
development of several tens of thousands of years or possibly longer (Gile et a/., 1966). The stronger 
haematitic reddening also supports a long time period of development for this soil. In this case the 
calcrete and red soil have probably developed once the valley fill sediments were dissected by the Rio 
Jauro during the mid to late Pleistocene. 
Section interpretation 
Basal and mid parts of the section are dominated by broad shallow channels infilled by sheets of 
conglomerate and poorly developed longitudinal bar-forms. These are t>pical of a braided river 
environment as described by numerous authors (Ore, 1964; Williams & Rust, 1969; Rust, 1972; 
Smith, 1970; 1974). Longitudinal bars and sheet conglomerates tend develop within upstream 
reaches of braided rivers characterised by steeper channel gradients (between 1-5%: Bluck, 1987) 
and coarser sediment inputs (Smith, 1970; 1974; Bluck, 1987). Deposition occurred within a series 
of broad, shallow, interlinked channels. Fine sediments of lithofacies Sm and Sh infi l l abandoned 
channels adjacent to the main active channels. Because these sediments are uncommon it suggests 
that during flood most of the braided river was active, probably reworking former inter-channel 
fines. 
A dominant northeasterly transport direction of these braided river sediments suggests a Sierra de 
Bcdar source area. This is supported by a dominance of Bcdar, Nevado-Lubrin and Chive Units 
which crop out in the Sierra de Bedar region. It is interesting to note the increase in dominance of the 
Bedar Unit up through the succession, which in this case is marked by an increase in tourmaline 
gneiss clasts. This may reflect an expansion of the tributaries feeding the ancestral Rio Antas, 
headcutting into an area dominated by tourmaline gneiss. 
ii) Los Calentones (GR.932244) 
The Los Calentones section was previously described within Chapter 5 (Section 5.4.4) in terms of 
the lower and mid parts of the section, which correspond to distal alluvial fan sediments of the Los 
Calentones Sub-System. This section only considers the uppenmost part of the Los Calentones 
exposure, focusing upon the grey cap o f conglomerates at this locality which corresponds to the Mid 
Zone of the Early Pleistocene Rio Antas (Figures 6.2 & Table 6.2). Unlike the previously described 
Rio Jauro Section which was confined within a valley form, grey conglomerates within the Mid Zone 
are less spatially confined and can be traced over a broad region of up to 3km north-south. The 
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stratigraphic relationships of the grey conglomerates within the Mid Zone are depicted by two 
laterally equivalent sedimentary logs (Figure 6.6), one from the Los Calentones locality and the other 
from 1.5km to the south from Cuesta Colorada ridge. 
The sedimentary log recorded from the Los Calentones section is characterised by an overall 
coarsening upwards sequence from the mid to upper parts of the succession (see Chapter 5, Figure 
5.35 for the full detailed log). Thick units (6m) of distal alluvial fan pedogenically altered sandstones 
and siltstones are interbedded with grey coloured channelised conglomerates within this mid section. 
Channelised conglomerates increase in number up succession until grading into a 25m thick unit of 
bedded grey conglomerates. It was established widiin Chapter 5 that this coarsening up sequence 
marks the abandonment of Jauro System alluvial fans and marks a switch in depositional st>'le to 
that of a braided river system. 
b) Bar-form facies 
The bar-form dominates the upper part of the Los Calentones section and is characterised by 
conglomerates and sandstones corresponding to lithofacies Gm, Gh and Sm. The conglomerates and 
sandstones form lensed units up to Im thick that can be traced laterally over several metres. Basal 
parts of the grey conglomerates are dominated by lithofacies Gm. Poor to moderately sorted, these 
conglomerates are composed of sub-angular to sub-rounded clasts of gravel, pebbles and cobbles 
supported within a sand matrix. Lithofacies Gm comprise the coarser clast populations forming the 
basal parts of conglomerate units, commonly overlying a poorly defined planar erosion surface. 
These fine up into Gh and rarely Sm. These clasts are typically well imbricated. 
The uppermost parts of the grey conglomerates within the Los Calentones are composed mainly of 
lithofacies Gh which form units up to 0.5m thick. Moderate to well sorted and clast supported, these 
conglomerates display an ill-defined bedding. Gh commonly grades up into Sm characterised by 
massive, and rarely, weakly bedded forms that occur as thin drapes (< 0.3m) over the conglomerates. 
All of these sediments lack any direct evidence for pedogenic modification. 
Deposition occurred within a series of broad shallow channels by a mixture of diffuse sheets of 
conglomerate (Gm) and poorly developed longitudinal bars similar to those described by Hein and 
Walker (1977). Gm was probably deposited during peak flows acting as a core for bar development 
indicated by a vertical and lateral gradation into Gh. Draped sandstones of lithofacies Sm were 
deposited during waning flow over the bar-forms. A lack o f pedogenic modification within the bar-
form facies indicates rapid reworking of bar-forms. 
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A: LOS CALENTONES 
(GR.932234) 
South 
B: C U E S T A C O L O R A D A 
(GR.928231) 
Figure 6.6 - Sedimentary logs from Los Calenlones (GR.932234) and Cuesta Colorada 
(GR.928231) sections depicting alluvial fan sediments of the Jauro System (Salmer6n 
Fomiation) overtain by grey conglomerates of Terrace Level A of the Rio Antas Mid Zone (see 
Figures 6.2 & Table 6.2). The Los Calentones log shows clearly the gradation from alluvial fan to 
braided river environment. In contrast the Cuesta Colorada section displays no such gradation, 
instead characterised by a distinct erosion surface. This suggests that the Rio Antas initially 
developed in the Los Calenlones region and then migrated laterally (to the north and south) to 
form a relatively unconfined braid-plain environment. Note the vertical change in clast 
assemblage from both logs. The grey conglomerates thin considerably towards the south. 
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Figure 6.7 - Laminar calcrete and red soil complex that caps upper part of the Los 
Calentones section (GR.932234). The calcrete corresponds to a stage IV development 
of Gile eta\. (1966) suggesting an early Pleistocene age for the Terrace Level A of the 
Rio Antas. Locally the indurated laminar crust can reach 0.5m in thickness and shows a 
fractured and pisolithic form. The base of the indurated crust is arrrowed. A red soil 
(5YR6/8) overlies the calcrete (marked with a *). 
258 
Chapter 6: The Pleistocene Drainage Systems 
b) Pedogenic Modification 
Pedogenic modification of the grey conglomerates is confined to the uppermost part of the Los 
Calentones section. Here, an extensive carbonate crust and red coloured (5YR 6/8) gravelly silt and 
sand up to 2m thick defines the upper surface of Los Calentones ridge that grades towards the centre 
of the Vera Basin (Figure 6.7). The basal part of the carbonate crust is ill-defined, comprising gravel 
and pebble clasts coated in carbonate. The amount of carbonate increases upwards, culminating in 
an indurated laminar carbonate which locally can be up to 0.5m thick. Thin section analysis o f die 
laminar carbonate clearly shows the laminar form, as well as well developed pisoliths of micrite. 
The red colouration relates to haematitic reddening o f a sand-gravel sediment characteristic o f a well 
developed palaeosol. Carbonate development is typical of a calcrete and shows a characteristic 
evolutionary trend or zonation (Gile et al., 1966; Estaban & Klappa, 1983) from a stage I 
development (nodules) at the poorly defined base of the carbonate crust through to a stage IV 
development fonming a hardpan in the upper part of the crust. The palaeosol is interpreted as an 
aridsol (Soil Survey Staff, 1975) due to the domination of carbonate within the soil profile. The 
intense degree of reddening and carbonate development suggest an extremely mature soil palaeosol. 
According to Gile et al. (1966) during their studies of soil chronosequences within the American 
southwest, stage IV calcretes approximated to a mid-late Pleistocene age. This is consistent with the 
age of the soil at Los Calentoncs which caps the early-mid Pleistocene Terrace level A. 
Section Interpretation 
The grey conglomerates within the upper part of the Los Calentoncs section represent deposition by 
poorly developed longitudinal bars and diffuse gravel sheets. These are t>'pical of a braided river 
environment (Ore, 1964; Williams & Rust, 1969; Rust, 1972; Smith, 1970; 1974). The inter-bedded 
pedogenically altered alluvial fan sandstones and channelised conglomerates from the mid part of the 
section demonstrate clearly the transition from distal alluvial fan to braided river depositional 
environments. 
Comparison of the Los Calentones section with stratigraphically equivalent sections along the nearby 
Cuesta Colorada ridge (Figure 6.6) shows that no such gradational contact exists between the 
alluvial fan sediments and overlying braided river sediments. The contact is marked by a sharp 
erosive unconformity. This suggests that the ancestral Rio Antas developed firstly within the region 
of Los Calentones ridge and once established migrated laterally (and erosively) forming a broad 
braid-plain area confined within the topographic reliefs of the Sierra Lisbona to the north and Sierra 
de Bedar to the south. In total, the grey conglomerates can be traced over 3km distance north-south 
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within this area. Although probably not active all at once, the braid-plain developed over this wide 
flat area, which was initially the distal, fan apron or bajada of the alluvial fans of the Jauro System. 
The grey conglomerates appear to thin towards the north and south o f the Los Calentones section 
(Figure 6.6). 
The extensive calcrete and red soil complex which characterises the uppermost part of the Los 
Calentones section probably formed once the basin had undergone dissection. The calcrete and soil 
probably developed once dissection by the ancestral Rio Antas had occurred. Calcretes have a 
climatic significance in that they tend to form during periods of aridity (Birkeland, 1984). This 
suggests that the Vera Basin appears to have been characterised by a relatively arid climate 
throughout the Pleistocene, probably relating more to the Pleistocene glacial periods affecting 
southeast Spain when conditions were cool and arid (Amor & Florschutz, 1964). 
ill) Venta de Antonio Garcia (GR.966249) 
Exposures of Early Pleistocene conglomerates at Venta de Antonio Garcia (Figure 6.3) form a 
terrace remnant located within the Distal Zone of the ancestral Rio Antas (Figure 6.2 & Table 6.2). 
These sediments form a well defined terrace remnant that unconformably overlies distal alluvial 
siltstones of the Salmeron Formation. The terrace remnant is back-tilted (Figure 6.8A) by early 
Pleistocene extensional faulting (see Chapter 4). 
a) Bar-form facies 
The bar-form facies dominate the Venta dc Antonio Garcia section and are characterised by 
conglomerates corresponding to lithofacies Gm, Gh and Gl. Conglomerates. These conglomerates 
form well defined bedded units up to 0.4 m in thickness that can be traced laterally over several 
metres (Figure 6.88). Moderately sorted and clast supported, the conglomerates are composed of 
sub-angular to sub-rounded gravel to cobble sized clasts that are clearly imbricated (Figure 6.8B). 
Lithofacies Gm comprises the coarser clast populations (pebbles and cobbles) within the basal parts 
of units, fining upwards into gravels (Gh) and rarely coarse sand (Sm). 
The conglomerates are typical of poorly developed longitudinal bars, formed initially as diffuse 
sheets of conglomerate (Gm, Gh) and rarely developing low angle foresets (Gl) suggesting bar 
migration. Lithofacies Gm were probably deposited during maximum flood, forming a core for bar 
migration whilst Sm were deposited during waning flow, with these sandstones being draped over 
the conglomerates possibly from suspension. 
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Figure 6.8 - A: Overview of the back-tilted terrace at Venla de Antonio de 
Garcia (GR.966249) looking northwestwards. The angle of back-tilt varies 
between 5 and 8* west B: Detail of a sheet conglomerate con-esponding 
to a poorty devetoped kxigitudinal bar-fonn Bar migration is from left to 
right based upon well imbricated clasts. 1cm = 10cm. C: Small fault scarp 
towards the eastem end of the terrace showing up to 4 m in displacement. 
The extensive caterete develoment up to 1 m in thk:kness is well exposed 
within the fault scarp. Notebook height = 20cm 
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b) Pedogenic modification 
The uppermost parts of the Venta de Antonio Garcia section are capped by a well developed laminar 
carbonate crust, up to Im in thickness (Figure 6.8C). Above the carbonate crust is a thin veneer of 
red coloured sand (7.5YR 6/6: orange). The carbonate crust reflects the development of a stage IV 
calcrete whilst the red sand suggests the development of a soil by haematite reddening. These 
characteristics are similar to the pedogenic modification observed at the Los Calentoncs section. 
Section Interpretation 
The Venta de Antonio Garcia section represents the development of the braided river over the bajada 
of the Jauro and Cuevas Systems alluvial fans. Unlike the previously described Los Calentones 
section, these terrace sediments are directly unconformable onto the alluvial fans and no gradation is 
observed, indicating that the braided river was formed at a later stage than the alluvial fans. 
Correlation of die calcreted upper surfaces with previously described sections, east-northeast 
palaeocurrenl directions and clasts characteristic of the Bedar, Nevado-Lubrin and Chive Units 
provide further evidence to suggest that this locality forms part of terrace level A of the Rio Antas. 
iv) El Jaroque (GR.975236->GR.979237) 
Exposures within the El Jaroque region (Figure 6.2) form the most distal terrace remnants of the 
Early Pleistocene ancestral Rio Antas. Located to the northeast of Antas town, an exposure on Hill 
168m (GR.975236) is characterised by I l m of terrace sediments which unconformably overiie 
Cuevas formation sandstones. Secondly, five hundred metres eastwards a second locality at El 
Jaroque (GR.979237) is characterised by 9m of sediment which unconformably overlies Cuevas 
Formation sandstones and Salmeron Formation siltstones. Both of these localities appear to be 
located in-beuveen positive topographic reliefs formed by die remnants of the Espiritu Santo 
formation Basinal fan-deltas, exposed by the late Pliocene regression. 
a) Bar-form fades 
The bar-form facies dominates both exposures within the El Jaroquc region, characterised by 
conglomerates and sandstones corresponding to lithofacies Gm, Gh, Gp, Sm and Sp. Cross-bedded 
conglomerates and sandstones of lithofacies Gp and Sp are exposed within a transverse section at the 
eastern end of Hill 168m. (Figure 6.9A) Foresets comprise a mixture of conglomerate and sandstone 
couplets that dip at up to 28°, forming a 3m thick unit. 
Lithofacies Gm and Gh suggest deposition as poorly developed longitudinal bars. Steeply dipping 
foresets of lithofacies Gp and Sp indicate the development of well developed transverse or lateral 
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Figure 6.9A - Cross-bedded conglomerates and sandstones exposed on Hill 
.168m (GR.975236). The cross-beds correspond to lithofacies Gp and represent 
deposition by either transverse or lateral bars (no channel margins are identified) 
Foresets dip at up to 28*. Compass clinometer length = 15cm. 
Figure 6.9B - Overview of the main section at El Jaroque (GR.979237) 
a) Cuevas / Espiritu Santo Formation - yellow marine sands 
b) Upper Espiritu Santo Formation - white marine band 
c) Salmer6n Formation - red siltstones 
d) Rio Antas terrace - grey brown conglomerate 
Terrace conglomerate = 9m thick. 
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bar-forms. A lack of channel margins and the steeply dipping nature of the foresets are more 
diagnostic of a transverse bar (Smidi, 1974). Occurrence o f conglomerate and sandstone foresets are 
significant, probably corresponding to the avalanching of sediment down the slip face of the 
downstream migrating transverse bar-form (Hein & Walker, 1977). The height of the foresets 
approximates to the depth of the channel, which in this case is three metres, implying a large channel 
form in contrast to the broad shallow channels in which the longitudinal bars observed within more 
proximal sections were formed. 
b) Pedogenic Modification 
Early Pleistocene sediments within the El Jaroque region show no evidence for pedogenic 
modification apart from a carbonate crust up to 0.5m thick and a thin veneer of red coloured gravel-
sand (5YR 5/6: bright reddish brown). A lack of pedogenic modification within the conglomerates 
may reflect reworking of sediment. The carbonate crust is typical of a stage IV development (Gile et 
al., 1966) whilst red colouration corresponds to haematitic reddening. These features are typical of 
an aridsol (Soil Survey Staff, 1975) and are similar to the characteristics observed from other more 
proximal localities. 
Section Interpretation 
The coexistence of longitudinal and transverse bars within the El Jaroque region indicates a braided 
river environment. Within modem braided streams transverse bars appear to increase in proportion 
downstream due to the ability of a river to fractionate its bed load into finer sediment with increased 
sorting (Smith, 1970). This is cleariy the case at this locality, where the presence of transverse bars 
suggests a more mature braided river system, probably characterised by a series of well defined 
channels up to 3m deep. The unconformable contact observed from both localities at El Jaroque 
suggests that Early Pleistocene Rio Antas developed erosively over the former bajada and marine 
palaeosurfaces of the Salmeron and Cuevas Systems. It is interesting to note that terrace remnants 
are inset into a pronounced topography formed by the former fan-delta bodies of the Vera Member 
(see Chapter 3; Section 3.4.2), suggesting that the more distal parts of the Early Pleistocene Rio 
Antas underwent dissection 
6.2.3 Evolution of the Early Pleistocene Rio Antas 
i) Depositional Setting 
The Early Pleistocene Rio Antas was characterised by deposition within a braided river environment. 
Evidence for a braided river is derived primarily from sedimentary evidence. Sediments are 
264 
Chapter 6: The Pleistocene Drainage Systems 
dominated by gravel to cobble conglomerates which correspond to deposition mainly by longitudinal 
bars and diffuse sheet conglomerates. Proximal areas within modem braided river environments are 
typically characterised by large sediment inputs and steeper channel gradients (slopes > I %) appear 
to favour the development of longitudinal bars and diffuse sheets of conglomerate (Smith, 1970; 
1974; Bluck, 1986). Subdivision of the Early Pleistocene Rio Antas into Proximal, Mid and Distal 
Zones is reflected by changes in depositional style. Proximal zones and Mid zones are dominated by 
longitudinal bars, whilst Distal zones reflect the appearance of transverse bars. This proximal to 
distal variation in depositional styles is similar to that observed within modem braided river 
environments by Ore (1964) and Smith (1970). 
Palaeocurrents show a dominant unimodal transport direction towards the east indicating a western 
margin source area for the Early Pleistocene Rio Antas. Palaeocurrent anomalies occur within 
Proximal zone. TTie valley fill sediments are orientated NE-SW and are constrained by the 
topographic expression of the Loma del Perro alluvia! fan to its east. A northeasterly transport 
direction would be expected because of this orientation, however, an easterly direction is recorded 
within the summary diagram (Table 6.2). The anomaly can be explained by a series of E-W 
orientated tributaries which appear to have fed into the Early Pleistocene Rio Antas (Figure 6.2). 
Clast assemblages are dominated by medium to high grade metamorphics fi-om the Bedar, Nevado-
Lubrin and Chive Units of the Nevado-Filabride Complex throughout all three zones. These 
assemblages suggest a Sierra de Bedar source area for the Early Pleistocene Rio Antas. An increase 
in meta-carbonates of the Lisbona Units within Mid and Distal zones probably reflects the reworking 
of Los Calentoncs Sub-System alluvial fan sediments which are characterised by a Lisbona Unit 
assemblage. The Eariy Pleistocene Rio Antas would also receive inputs of Lisbona Unit meta-
carbonate sediments directly from tributaries which locally drain the Sierra Lisbona. 
Stratigraphically, the Mid braid-plain zone grades conformably upwards from alluvial fan sediments 
of the Salmeron Fomiation. In contrast, the Proximal and Distal zones lie unconformably over 
basement and Neogene marine sediments (Turre and Cuevas Formations). These unconformities 
suggest that the Early Pleistocene Rio Antas developed initially in the Los Calentones region and 
then underwent headwards erosion into the Sierra de los Filabres mountain fi-ont to fomi the 
Proximal Zone as well as dissection in the Distal Zone. 
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ii) Evolution of the Early Pleistocene Rio Antas 
The development of the ancestral Rio Antas can be traced in a series of relative time events which 
are summarised diagramatically within Figure 6.10. 
a) Late Jauro System (Figure 6.1 OA) 
Initial development of Terrace level A of the Rio Antas occurred during the later stages o f alluvial 
fan development within the Jauro System (Salmeron Formation). Alluvial fans of the Loma del Perro 
and Los Calentones Sub-Systems (Jauro System) reached their points of maximum progradation 
during the early Pleistocene, coalescing within their distal areas forming a fan apron or bajada. 
Uplift of the Loma del Perro Sub-System resulted in fan entrenchment and headwards erosion into 
the western side of the Loma del Perro Sub-System. This developed the incised valley form which 
characterises the Proximal zone of the Early Pleistocene Rio Antas. 
Sediment eroded from fan entrenchment was reworked into distal areas. This is represented within 
the Los Calentones region (GR.932234) where braided river sediments (grey conglomerates), formed 
with wide shallow channels, are interbedded with distal alluvial fan sediments sourced from Los 
Calentones alluvial fan (red siltstones). 
b) Early Rio Antas (Figure 6. lOB) 
Establishment of the Terrace level A of the Rio Antas is marked by aggradation of braided river 
sediments throughout the Proximal, Mid and Distal zones. The Proximal valley aggraded with up to 
30m of sediment. It is clear from both palaeocurrent and clast provenance data that the sediments 
forming the incised valley f i l l are sourccd from the Sierra de Bedar region. The occurrence of an E-
W orientated structural lineament within the Sierra de Bcdar is significant. On reaching this 
structural lineament the incising valley form changed direction, eroding westwards by exploiting the 
structural lineament. TTiis can be clearly seen in aerial photographs of the Sierra de Bedar region 
(see Chapter 5, Figure 5.29) whereby the modem Rio Antas has continued to exploit this structural 
lineament. Extension of the catchment area further to the west exposed a greater proportion of the 
Bedar granite from which the tourmaline gneiss is sourced. 
Within more distal regions the establishment of the Rio Antas is marked by aggradation of the 
braided river sediments, fonning up to 40m of grey coloured braided river conglomerates. The lack 
of interbedding with red siltstones suggests that sedimentation from the Los Calentones alluvial fan 
had ceased and that the ancestral Rio Antas had established itself 
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Figure 6.10 - Palaeogeographic reconstruction of the ancestral Rio Antas. A: Late Jauro: 
maximum progradation of alluvial fans of the Jauro System. B: Early Antas: Abandonment of 
the alluvial fans and initial fonnation of the Early Pleistocene Rio Antas by headwards erosion 
west and southwestwards. An incised valley is formed inset into Loma del Perro alluvial fan in 
proximal mountain front areas whilst a braid-plain forms over the Los Calentones alluvial fan 
in more distal areas. C: Late Antas: The most mature stage of the Early Pleistocene Rio 
Antas in which development of the braid-plain is limited by positive topographic reliefs formed 
by the older fan-deltas, reefs and shoreline sediments. Major sediment inputs are now 
received from the Norlhwestem Tributary System (Section 6.3). 
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c) Late Rio Antas (Figure 6.1OC) 
During the later stages of its development, Terace level A of the Rio Antas is marked by significant 
sediment inputs from tributaries within proximal and distal areas. Evidence for tributaries within the 
proximal valley fill areas are clear from map evidence (Figure 6.2) which show a series of east-west 
orientated tributaries that feed into the upper parts of the incised valley fill. In more distal areas, 
major sediment inputs fi'om tributary streams are recorded from the northwestern region of the Vera 
Basin. These tributaries have developed over sediments corresponding to the Salmeron System and 
form the focus of the following section. 
Positioning of the Rio Antas within the Distal Zone is controlled by the topographic expression of 
the Espiritu Santo Formation Basinal fan-deltas. Chapter 3 identified the occurrence of nvo fan-delta 
bodies which prograded towards the west, sourced from the eastern basin margins. As Terrace level 
A of the Rio Antas has developed by superimposition onto the Pliocene marine topography it has 
exploited the positioning of the two fan-delta bodies. No fluvial conglomerates of Terrace level A 
overlie these fan-delta sediments within the Distal Zone. Mapping of the fluvial sediments (Figure 
6.2) shows that the Rio Antas flowed between the topographic relief of the two fan-delta bodies as 
the river proceeded towards the Pleistocene shorelines on the eastern margin of the Vera Basin. 
6.3 T H E N O R T H W E S T E R N T R I B U T A R Y S Y S T E M 
6.3.1 Introduction 
Within the Northwestern region of the Vera Basin, alluvial sediments corresponding to an early 
Pleistocene Terrace level A occur on the northern side o f the Sierra Lisbona and can be correlated 
with the previously described Terrace level A sediments of the Rio Antas. Morphologically, these 
alluvial sediments form a low gradient surface that grades into Terrace level A of the Rio Antas 
within the Los Calentones and Los Valencianos regions. Further evidence for an Early Pleistocene 
age for these sediments is based upon the occurrence of an extensive calcrete and red soil 
development into the upper surface of the terrace remnants. These alluvial sediments appear to form 
part of a tributary system that drains into the Rio Antas, draining the northwestern region of the 
Vera Basin. This tributary system has inherited the former drainage line of the Salmeron System 
(Salmeron Formation: Chapter 5, section 5.4). 
Palaeocurrent and clast assemblages suggest that alluvial sediments of the Northwestern Tributary 
System were derived locally fi-om the Sierra Lisbona and western Sierra Almagra. Clast assemblages 
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Figure 6.11 A - Location map of the Northwestern Tributary System. 
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Figure 6.11 B - Geological map of the 
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are dominated by meta-carbonate clasts of the Lisbona Unit (Nevado-Filabride Complex) and mica-
schists of the Ballabona Unit (Alpujarride Complex). Palaeocurrents are typically towards the east 
and southeast, suggesting a transport direction towards the centre o f the Vera Basin. 
Stratigraphically, alluvial sediments o f the Northwestern Tributary System unconformably overlie 
metamorphic basement of the Ballabona Unit within the most proximal areas and alluvial fan 
sediments of the Salmeron Formation in distal areas. On the basis of stratigraphic and sedimentary 
characteristics, the Northwestern Tributary System can be sub-divided into proximal, mid and distal 
zones (Figure 6.1 IB). The summary characteristics of these zones (palaeocurrents, clast 
assemblages, stratigraphic relationships and alluvial architecture) are presented within Table 6.3. 
Four key localities are used to examine the proximal to distal variations of palaeocurrents, clast 
assemblages, stratigraphy and sedimentology (Figure 6.11 A): 
i) Barranco de la Cueva Ahuma (proximal)- GR.903267 Proximal 
ii) Barranco de la Cueva Ahuma (distal) - GR.914265 
iii) Los Clavos region - GR.938256 
iv) Motorway sections - GR.974260 Distal 
6.3.2 Sedimentology 
i) Proximal Barranco de la Cueva AhumA (GR.903267) 
Occurring within the proximal part of the modem day Barranco de la Cueva Ahumd (Figure 6 .11 A) 
this section is characterised by 21m of conglomerates capped by a well developed carbonate crust 
and red coloured sand (6.12). 
a) Bar-form fades 
The bar-form facies dominates the proximal Barranco de la Cueva Ahuma section and is 
characterised by conglomerates corresponding to hthofacies Gm, Gh and Gl (Figure 6.12 C,D,E). A 
photo and complimentary sketch in Figure 6.12B-E show detail fi-om the basal part of the Barranco 
de la Cueva Ahuma section. Conglomerates occur within a series o f i l l defined beds up to 30cm in 
thickness and are characterised by two forms: sheet conglomerates (Gm, Gh - lacking foresets) and 
cross-bedded conglomerates (Gl). Clast supported, coarse conglomerates (Gm, Gh) commonly form 
the basal parts of the sheet conglomerates and fine upwards into poorly sorted, matrix rich 
conglomerate or rarely a massive sandstone (Sm). Cross-bedded conglomerates (Gl) are 
characterised by low angle (<5*^ planar foresets which comprise moderately sorted, clast supported 
gravels. Both forms commonly display a convex upwards upper surface and clasts are clearly 
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Figure 6.12 - Sedimentary aspects of the proximal Barrranco de la Cueva Ahuma 
section GR.903267. A: Section overview looking eastwards. Note the flat geomorphic 
expression of the upper terrace surface capped by extensive calcrete. (arrowed). B: 
Detail of main section. Calcrete surface is arrowed. C: Photo mosaic showing 
sedimentary detail from the basal part of the main section. Notebook height = 20cm. 
D: Complimentary field sketch of the above photograph. The section is dominated by 
conglomerates representing deposition by poorly developed longitudinal bar-forms 
(Gl) and sheet conglomerates (Gm / Gh). Palaeocurrents indicate a northeasterly 
transport direction and clast assemblages reflect sediment sourced from the Lisbona 
Unit (40%) and Ballabona Unit (33%). E: Detail of a sheet conolomerate from the 
lowermost part of the section. Clasts show a clear imbrication from right to left. 
Notebook height = 20cm. 
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imbricated. Clast assemblages from the bar-form facies at this locality are almost entirely composed 
of mica-schists from the Ballabona Unit (Alpujarride Complex). 
The sheet conglomerates correspond to deposition by diffuse sheets of sediment which act as a core 
for migrating bar-forms (Hein & Walker, 1977). Pebble-cobble bases (Gm) were probably deposited 
during maximum flood and the poorly sorted sands (Sm) during waning flood. The cross-bedded 
conglomerates represent the migratory surfaces of poorly developed longitudinal bars similar to 
those described by Smith (1974). According to Rust (1972) clast imbrication, particularly within 
concentrated areas of clasts, tends to occur during high flow velocities favouring orientation parallel 
to the current direction. 
b) Pedogenic Modification 
Pedogenic modification is confined to the uppermost part of the Proximal Barranco de la Cueva 
Ahuma section where a well developed laminar carbonate crust up to 0.5m thick and a red coloured 
sand (SYR 5/6) cap the terrace. The carbonate crust represents a stage IV calcrete (Gile et al, 
(1966) whilst the red sand represents haematitic reddening produced during the formation of a red 
soil. This degree of soil development appears to be consistent with an early-mid Pleistocene age 
t>'pical of terrace level A. The calcrete is a characteristic of an aridsol (Soil Survey Staff, 1975) 
developed during relatively arid climatic conditions experienced during the Pleistocene glacial 
periods. 
Section Interpretation 
The proximal Barranco de la Cueva Ahuma section is dominated by texturally immature 
conglomerates corresponding to deposition by poorly developed longitudinal bars and diffuse sheets 
of sediment. These are features typical of an immature braided fluvial system within a proximal 
mountain front setting described by numerous authors (e.g. Ore, 1964; Williams & Rust, 1969; 
Smith 1970; 1974; Hein & Walker, 1977). Deposition probably occurred in a series of broad 
shallow channels which formed a wide braid-plain area. Longitudinal bars and sheet conglomerates 
suggest relatively steep channel slopes ( > l % ) with high sediment inputs (Smith, 1970; Bluck, 1987). 
ii) Distal Barranco de la Cueva Ahuma (GR.914265) 
The Distal Barranco de la Cueva Ahuma section is located approximately 1km downstream from the 
previously described proximal section (Figure 6.11 A). The section is characterised by 11m of 
pedogenically altered conglomerates and sandstones. A sedimentary log through the principal 
exposure and main sedimentary aspects are shown in Figure 6.13. 
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Figure 6.13 - A: Sedimentary log through the Distal Barranco 
de le Cueva Ahum6 section (GR914265). B: Oven/lew of the 
main logged section. Vertical height = 7m. C: Stratigraphic 
sub-division of the section. D: Lithofacies distributions. 
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ngure 6.13 (Ctd) - E: Overview of the main 
logged section at the distal Barranco de la 
Cueva Ahum^ locality. F: Detail from the mid 
part of the section showing extensive rhizollth 
development within cartwnate inter-channel 
sediments. Notebook = 20 cm. G: Red soil and 
carbonate rhizdiths from the mid-upper parts of 
the section. Soil Munsell colour value = 2.SYR 
4/8. Notebook height = 20 cm. 
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b) Bar-form fades 
The bar-form facies occurs within the basal and upper parts of the Cueva Ahuma section (Figure 
6.13A,B, D) and is composed o f conglomerates and sandstones depicted by lithofacies Gm, Gh and 
Sm. Basal parts of the section are characterised by a Im thickness o f poor to moderately sorted 
cobble conglomerates that occur within a series of ill defined beds up to 0.2m in thickness. Each 
conglomerate bed is either massive (Gm), weakly bedded (Gh) or composed of rare low angle {<S^ 
planar foresets (Gl). Coarser pebble-cobble conglomerates (Gm) commonly fine upwards into 
weakly bedded gravel conglomerates (Gh) or poorly sorted massive sandstones (Sm). Cross-bedded 
conglomerates are moderately well sorted and comprise a series of gravel and coarse sand foresets. 
Lidiofacies Gm was probably deposited during maximum flood as a sheet of sediment similar to that 
that described by Hein & Walker (1977). Vertical and lateral gradation into lithofacies Gh, Gl and 
Sm indicates falling stage deposition firstly by migration of a longitudinal bars (Gh, Gl) culminating 
in draping of sand (Sm) over the bar-fomi, possibly from suspension. 
c) Channel fades 
The channel facies is composed of cross-bedded conglomerates and sandstones corresponding to 
lithofacies Gl, Gm and Sm. These sediments occur as part o f large channel fill complexes (5m deep, 
>10m wide) within the Cueva Ahuma section which cut down through the main logged section 
(Figure 6.13A-D). The channel forms arc complex ribbon structures (nomenclature of Friend et at., 
1979) infilled with conglomerates characterised by poorly developed low angle foresets (< 8*^ , that 
build out fi-om the channel margins. 
Low angle cross-beds which build out from the channel margins and infi l l the main charmel features 
are classified as lateral bars, similar to those described by Bluck (1974). 
d) Inter-channel fades 
The inter-channel facies occurs throughout the Cueva Ahuma section and is characterised by red or 
white coloured sandstones and siltstones corresponding to lithofacies Sm and Fm. Sandstones of 
lithofacies Sm occur mainly within the central part of the section, where they form laterally 
persistent units up to 1.3m in diickness, traceable over several metres. These sediments are 
characterised by a nodular or pooriy developed lattice type framework (Figure 6.13E). Siltstones of 
lithofacies Fm occur mainly within the upper parts of the section, forming a unit up to 0.7m thick 
that can be traced laterally over several metres. Vertically orientated tubular carbonate forms with a 
hollow centre commonly occur within the red siltstones (Figure 6.13F). 
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Lithofacies Sm and Fm represent deposition of fine sediment in areas adjacent to the main 
channelised areas of deposition and essentially correspond to over-bank deposits. The thickness and 
lateral persistence of these units suggests that fine sediment accumulated within large abandoned 
channels of similar geometry to those infilled by lateral bars. Vertically orientated carbonate tubules 
are characteristic of rhizoliths, formed by carbonate replacement of roots to produce casts (Klappa, 
1980). The presence of rhizoliths suggests that these abandoned channel areas were vegetated. 
e) Pedogenic Modification 
Pedogenic modification is confined to sandstones and siltstones of the inter-channel facies and to the 
uppermost part of the section. Most of the inter-channel sands are characterised by a distinct white 
colouration and commonly contain carbonate nodules and tubular forms. Siltstones typically display 
an intense reddening (2.5YR 4/8: reddish brown) particularly within the upper parts of the section. 
The uppermost part of the section is characterised by a thick laminar carbonate crust up to 1.2m 
thick. 
The white sands with nodules and tubular forms represent carbonate development within the inter-
channcl sands. Nodules are typical of a stage II I carbonate development within a non-gravelly parent 
material (Gile et ai, 1966). 
Section Interpretation 
The Distal Barranco de la Cueva Ahuma section shows that sedimentation occurred within a series 
of well defmed channels in parts of the Proximal Northwestern tributary system. Deposition was 
characterised by longitudinal and lateral bar-forms. The common occurrence of pedogenically altered 
inier-channel facies suggests a sinuous, meandering charmel form with large flood-plain or 
abandoned channel areas onto which vegetation colonisation occurred. Extensive pedogenic 
modification by carbonate accumulation and haematitic weathering of the inter-channel sediments 
suggests that the flood plain / abandoned channel areas were inactive for long periods of time 
allowing extensive soil development to occur. 
iii) Los Clavos Region (GR.938256) 
Within the Los Clavos region (Figure 6.11) grey conglomerates unconformably overlie distal alluvial 
fan sediments of the Jauro and Salmeron Systems (Salmeron Formation). Conglomerates are 
characterised by lithofacies Gm. Gl and Gh, that occur within poorly defined beds < 0.2m thick 
(Figure 6.14). Clasts show a clear imbrication in an east to south-easteriy direction. A series of 
previously described and logged localities within the Los Clavos region (Section 5.4.2) show up to 
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LU 
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Figure 6.14 - Detail of grey conglomerates exposed within the Los Clavos region 
(GR.938256). The conglomerates are characterised by lilhofacles Gm, Gh and GI 
corresponding to deposition by diffuse sheets of sediment and poorly developed 
longitudinal bar-fomis. The upper surface of the section shows a gradation into a 
well developed laminar calcrete up to 0.7m in thickness. Palaeocurrents from this 
locality show a dominant transport direction towards the east/southeast, whilst the 
clast assemblage Is dominated by a locally derived Higher Nevado Filabride Unit 
sourced from the Sierra Lisbona. The occurrence of clasts from the Lower 
Nevado-Lubrin Unit suggests the joining of the Nortwestern Tributary System with 
the main Rio Antas. Qz = Quartz. MS = Mica-Schist, BU = Baliabona Unit 
(Alpujarride Complex). LU = Lisbona Unit (Nevado-Fllabride Complex), NLU, BU & 
CU = Nevado-Lubrfn, B6dar and Chiv6 Units (Nevado-Filabride Complex). 
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20m of grey conglomerates that are capped with an extensive laminated calcrete. Clast provenance 
from these localities shows lithologies derived fi-om the Bedar, Nevado-Lubrin, Chive and Lisbona 
Units (Nevado-Filabride Complex) together with the Ballabona Unit (Alpujarride Complex) (Figure 
6.14). 
Lithofacies Gh and Gl probably represent deposition by poorly developed longitudinal bars, with low 
angle foresets (Gl) corresponding to the downstream migration of bar-forms. Deposition probably 
occurred within a series of broad shallow channels characteristic of a braided river environment (e.g. 
Ore, 1964; Williams & Rust, 1969; Smith, 1970, 1974). 
Section Interpretation 
Grey conglomerates within the Los Clavos region represent deposition within a braid-plain 
environment dominated by longitudinal bar-forms. A domination of clasts from the Lisbona and 
Ballabona Units, together with a south-easterly transport direction indicates that most of the 
sediment was locally derived fi^om the northwestem region of the Vera Basin. The presence of clasts 
from the Bedar, Nevado-Lubrin and Chive Units suggests that some sediment was derived from the 
Sierra de Bedar. Their occurrence suggests an intermixing of sediments from the northwest and 
southwest of the Vera Basin probably occurring in an area of stream confluence, where the 
Northwestem tributary system joins the main Rio Anias. 
iv) Motorway section (GR.974260) 
Excellent exposures within the recent motorway cutting at GR.974260 show a 3m thickness of grey 
conglomerates which unconformably overlie red coloured distal alluvial fan and intcr-fan sediments 
of the Salmeron Fonnation, Salmeron System (Figure 6.15). These conglomerates form a terrace 
remnant within part of the Distal Zone o f the Northwestem Tributary System. Palaeocurrents 
indicate an easterly transport direction whilst clast assemblages are characterised by Bedar, Nevado-
Lubrin, Chive and Ballabona Units. The uppermost part of the terrace remnant is capped by a well 
developed laminar calcrete up to 0.5m thick. 
Grey conglomerates within the uppermost parts of the motorway sections correspond to the eastern, 
most distal remnants of the Northwestem tributary system. As in the previous sections exposed 
within the Los Clavos region, clast assemblages at these localities are significant as they reflect an 
intermixing of sediments derived from by Bedar, Nevado-Lubrin, Chive and Ballabona Units. Bedar, 
Nevado-Lubrin and Chive clast assemblages are derived from the Sierra de Bedar which defines the 
southwestem region of the Vera Basin. In contrast, Lisbona and Ballabona Unit assemblages are 
280 
Chapter 6: The Pleistocene Drainage Systems 
Figure 6.15 - Overview of the motorway section looking southeastwards 
(GR.974260). The main section is dominated by faulted red coloured sediments 
corresponding to the Salmeron Sytem. At the topmost part of this section thin cap of 
grey conglomerates (a - arrowed) corresponding to the Northwestern Tributary 
System. The flat surface of the terrace, capped by a calcrete and red soil can be 
traced to the left (b - arrowed). In the background on the right (c - arrowed), are 
fan-delta conglomerates of the Espiritu Santo Formation exposed within a quarry. 
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derived from the Sierra Lisbona and Sierra Almagra which define the northwestern region of the 
Vera Basin. These differences in clast assemblage suggests that the motorway section, like Los 
Clavos is located in an area in which the Northwestern Tributary System joined the main Rio Antas. 
6.3.3 Evolution of the Northwestern Tributary System 
i) Depositional Setting 
Sediments from the Northwestern Tributary System represent deposition within a braided stream 
environment. Throughout the proximal, mid and distal zones sediments are dominated by gravel to 
cobble conglomerates which suggest a relatively high energ>' coarse grained braided stream 
environment. Deposition is dominated by longitudinal bars together with less common lateral bars. 
Longitudinal bars developed in a series o f broad shallow channels which formed a wide braid plain 
throughout the length of the Northwestern Tributary' System. Proximal areas of modem braided 
streams are typically characterised by high sediment inputs and relatively steep channel gradients 
both of which, according to Smith (1970) and Bluck (1987), are significant factors for the 
development of longitudinal bars. Evidence for lateral bars only occurs within a localised area o f the 
Proximal Zone, suggesting that in places the braided stream locally became incised leading to the 
development of relatively deep, well defined channels which migrated laterally, frequently 
abandoning former channel reaches which were infilled with rare, overbank sediments. 
ii) Evolution of the Northwestern Tributary System 
Timing of the formation of the Northwestern tributary system is difficult to ascertain, and for this 
reason a sequential development is not presented here. Stratigraphic relationships show that the 
Northwestern Tributary System developed an erosive unconformity over the alluvial fan and inter-
fan channel network of the Salmeron System (Salmeron Formation). This clearly shows that the 
tributary system developed after the alluvial fans of the Salmeron Formation had been abandoned. 
As demonstrated by the Terrace level A of the Rio Antas, the river system initially developed within 
the Los Calentones region and evolved by fan entrenchment and headcutting westwards as a response 
to tectonic uplift. It is possible that the Northwestern Tributary System may have developed in a 
similar way in that small consequent streams, originating from the Los Calentones region may have 
erosively headcut backwards towards the northwest, exploiting the former topographic low that 
originally lead to the formation of the Salmeron System during Salmeron Formation times (Chapter 
5, Section 5.4). A headcutting scenario would account for the distinct erosive unconformity 
displayed beUveen Early Pleistocene alluvial sediments in Mid and Distal Zones and the underlying 
Salmeron Formation. 
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Questions can be raised as to why the Northwestern Tributary System proceeded to headcut 
nortwestwards and then westwards along the northern side of the Sierra Lisbona. As previously 
suggested, the initial development of the tributary system appears to have exploited the topographic 
low between the former alluvial fans of the Cuevas and Jauro Systems. However, westwards 
headcutting may have picked out an E-W orientated structural lineament that marks the contact 
beUveen the Lisbona Unit (Nevado-Filabride Complex) and Ballabona Unit (AJpujanide Complex). 
Direct evidence for such a lineament has been buried by late Pleistocene alluvial fans, aldiough the 
sharp geomorphic contact displayed by the Sierra Lisbona mountain front does imply the occurrence 
of some kind of faulted mountain front (See aerial photograph. Chapter 5; Figure 5.29). 
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6.4 T H E R I O A L M A N Z O R A - Terrace Level A 
6.4.1 Introduction 
Along the northern basin margin, all four terrace levels of the ancestral Rio Almanzora are present. 
A height range diagram (Figure 6.16) shows the distribution of these terrace remnants adjacent to the 
modem Rio Almanzora. Since the development of the terrace level A, approximately 120m of 
dissection has occurred by the modem Rio Almanzora. An overview of the terrace levels within the 
proximal mountain front area east of Cuevas del Almanzora town are depicted within Figure 6.17. 
Terrace level A of the Rio Almanzora is well developed. The spatial distribution principal 
palacocurrent directions and clast provenance characteristics are depicted within Figure 6.18. An 
early Pleistocene age for Terrace level A of the Rio Almanzora within the Vera Basin has been 
suggested by Wenzens (1992b). Electron Spin Resonance dating techniques were used on travertine 
carbonates which underlie terrace remnants in the northeastern region of the Vera Basin near to the 
village of Guazamara. These carbonates provided dates of 1.6Ma and were suggested to be early 
Villafranchian (early Pleistocene) in age (Wenzens, 1992b). 
Adjacent to the modem Rio Almanzora, the oldest terrace remnants only occur as isolated outcrops 
of conglomerate. Stratigraphically, these terrace remnants unconformably overlie metamorphic 
basement of the Ballabona Unit in the most proximal areas. Within mid and distal areas, the 
remnants lie unconformably on Pliocene marine sands of the Cuevas Formation. Only on the western 
side of the modem Rio Almanzora. in the El Alto region (Hill .163m GR.981278) does the oldest 
terrace remnant lie directly onto distal alluvial fan sediments of the Salmeron Formation, forming an 
erosive unconformity. Unlike the western margins of the basin where similar age early Pleistocene 
terrace conglomerates of the ancestral Rio Antas locally form a conformable sequence, this locality 
shows an unconformable contact suggesting a break in deposition bet\\'een the Salmeron Formation 
and early Pleistocene Terrace level A sediments of the Rio Almaruora. 
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Figure 6,16 • Height range diagram of the different terrace levels of the ancestral Rio 
Almanzora. Level A corresponds to the oldest terrace remnant whilst level E relates to 
the channel gradient of the modern Rio Almanzora. Heights are recorded from the basal 
parts of terrace sediments. Key sections referred to within the text are marked. 
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Sierra AlmagraHHH 
El Alanchcte 
Tres Cabezoa 
El Alto 
CUEVAS DEL 
ALMAN20HA 
Terrera Jarilla 
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I I Plloff'telstocene Basin Fill ^ Level A, terrace remnanti 
pvv^  Tortonlan Key localities 
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Ballabona Unit - Nevado-Rtabrlde Complex ^ Modem Rio Almanzora 
Clast Provenance 
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1. El Alanchete: Hill .187m - GR.006306 
2. Tres Cabezos: Hills 168m - 177m - GR.012290 
3. Terrera Jarilla: Hill .148m - GR.992267 
4. Cordoba: Hill .145m - GR.013249 
Figure 6.18 - Outcrop geology of terrace Level A of the ancestral Rio Almanzora. The 
main outcrops are supplemented with summary characteristics of palaeocurrents and 
clast assemblages. 
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Four key localities are used to consider the main sedimentary characteristics of terrace level A of the 
ancestral Rio Almanzora (Figure 6.19); 
i) El Alanchete: Hill . 187m - (GR.006306) Proximal 
ii) Tres Cabezos: Hills 168m - 177m (GR.012290) 
iii) Terrera Jarilla: Hill .148 m (GR.992267) 
iv) Cordoba: Hill .145m (GR.0I3249) Distal 
6.4.2 Sedimentology 
i) El Alanchete: H i l l .187m: GR.006306 
El Alanchete is located to the east of the modem Rio Almanzora, where a cap o f conglomerates form 
an extensive terrace surface up to 187m above sea level within the most proximal of the highest and 
oldest level (Figures 6.18 & 6.19). OverI>nng yellow marine sands of the Cuevas Formation, the 
terrace is characterised by 20 to 35m of conglomerate capped by up to Im of well developed laminar 
carbonate crust, veneered with patches of red soil. Two exposures are considered in terms of their 
sedimentology. Firstly, an exposure at the base of the terrace located on the southem most point of 
the EI Alanchete terrace (GR.008301) (Figure 6.20A), and secondly, an exposure in the uppermost 
part of the terrace, located on die westem side of El Alanchete (GR.005303) (Figure 6.20D,E). 
a) Bar-form fades 
The bar-form facies dominate the terrace conglomerates within the El Alanchele region. Basal parts 
of the section are characterised by lithofacies Gm and Gh (Figure 6.20A,B,C). Clasts are typically 
sub- to well rounded cobbles and boulders that reflect a mixture of meta-carbonates, mica-schists 
and locally derived sandstones supported within a coarse sand matrix (Figure 6.20B). The coarse 
sand matrix is sometimes cleariy laminated (Figure 6.20C). 
Deposition was probably by a series of diffuse sheets or lags of conglomerate laid down during peak 
flood. The sand matrix was probably introduced during waning flow or by subsequent floods 
reflected in the draping of sand around the clasts, infilling an open framework. Lack of stmcture and 
imbrication within the conglomerate is probably a function of clast size and roundness. 
Upper parts of the section are characterised by conglomerates o f lithofacies Gm, Gl, Gp (Figure 
6.21D,E). Lithofacies Gp forms a Im thick unit at the base of the exposure, with foresets comprising 
a mixture of pebble, gravels and coarse sand dipping at up to 25 ' 'NW (Figure 6.20D,E). This is 
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1. El Alanchete: Hill .187m - GR.006306 
2. Tres Cabezos: Hills 168m - 177m - GR.012290 
3. Terrera Jarilla: Hill .148m - GR.992267 
4. Cordoba: Hill .145m - GR.013249 
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Figure 6,19 - Location map of Terrace Level A of the Rio Almanzora. 
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4. 
Figure 6.20 - A: Overview of the lower section of Level A. El Alanchete 
(GR.008301). B: Detail from the basal contact, lower section. Clasts are 
dominated by rour>ded cobbles and t>oulders of metamorphic basement and 
Cuevas formation sandstones supported within a coarse sand matrix. Notebook 
height = 20cm. C: Detail of laminated matrix, draped around the clasts. Pencil 
length =14 cm. 
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Figure 6.20 (ctd) - D: Sedimentary detail from the upper part of the El Alanchete section (GR.005303). Notetxx)k 
height = 20cm. E: Interpretative field sketch showing the principal lithofacies and bar-forms to which they 
correspond. The section appears to be cut oblique to the principal palaeocurrent direction. 
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overlain by 0.4m of lithofacies Gm and Gl (Figure 6.20D,E). Gl comprises gravel and coarse sand 
foresets that dip at less than 10**. The topmost part of the section is composed of Im of massive and 
weakly bedded conglomerates depicted by lithofacies Gm and Gh. Texturally, these conglomerates 
are moderately sorted, composed of sub-rounded to well rounded clasts, supported within a medium 
to coarse sand matrix. These conglomerates represent deposition by a mixture of transverse and 
longitudinal bars. Lithofacies Gp correspond to transverse bars, infilling chamiel scours 
approximately Im deep. The overiying lithofacies Gm, Gh and Gl are characteristic of longitudinal 
bar-forms as described by Smith (1970, 1974) and Hein & Walker (1977). Gm was probably 
deposited during maximum flood as a diffuse sheet of conglomerate (Hein &. Walker, 1977) whilst 
Gh and Gl correspond to the downstream migration of the bar-form during waning flow. 
b) Pedogenic Modification 
Pedogenic modification is confined to the uppermost part of the section, characterised by a well 
developed laminar carbonate cmst, locally up to 0.5m thick and is sometimes veneered with a thin 
red coloured sand (5YR 7/6: orange). The carbonate cmst is typical of a mature stage IV calcrete 
(Gile et al, 1966) and characterises the soil as an aridsol (Soil Survey Staff, 1975). 
Section Interpretation 
Basal parts of the section show the initial development of the ancestral Rio Antas, cut into the former 
marine sediments of the Cuevas Formation. Clast size and roundness of conglomerates supports a 
proximal setting but one in which clasts have been reworked. In this case clast lithologies indicate a 
mi.xture of basement and locally derived Cuevas Formation sandstones, suggesting local reworking, 
possibly from former Pliocene shoreline or fan-delta sediments of the Espiritu Santo Formation 
(Vera Member). Formed by deposition as diffuse sheets or as lags, the conglomerates reflect an 
immature fluvial system, one that is probably braided but generally lacking in well defined bar-
forms. In contrast, upper parts of the El Alanchete section show a slightly more mature depositional 
setting. Presence of transverse and longitudinal bars suggest a braided river environment 
characterised by deposition within a series of broad shallow channels. Calcrete and red soil 
development characteristic of an aridsol are typical of the early Pleistocene soils observed from other 
localities of Terrace level A. 
ii) Tres Cabezos: Hills 168.177m: GR.012290 
To the south of El Alanchete, on the eastem side of the modem Rio Almanzora, a series of three hill 
tops named 'Tres Cabezos' represent fragments o f the highest terrace, located approximately 2km 
southeast of the basin margins (Figure 6.18 & 6.19). From north to south, the upper surfaces of 
292 
Chapter 6: The Pleistocene Drainage Systems 
these remnants occur at 168 m, 176 m and 177m above sea level, where they erosively overlie yellow 
marine sands of the Cuevas Formation (Figure 6.21 A). The terraces are composed of conglomerates 
which vary in thickness up to 17m. 
b) Bar-form fades 
The bar-fomi facies dominates the Tres Cabezos section where they are composed of conglomerates 
and sandstones corresponding to lithofacies Gm. Gh, and Sm with minor amounts of Gp and SI. 
Located on the southem end of Cabezo 2 (Figure 6.21 A), the principal exposure for the Tres Cabezo 
locality is characterised by 5.3m of conglomerate and sandstone which unconformably overlie the 
Cuevas Formation (Figure 6.21B,C). Conglomerates corresponding to lithofacies Gl and Gh occur 
within the basal part of the section occurring as low angle cross-beds (<I0°) \vith foresets 
comprising a mixture of poorly sorted coarse sand and gravel (Figure 6.21B,C). Occurring within 
the mid and upper parts of the section a mixture of massive, weakly bedded and well defined cross 
bedded sandstones and conglomerates corresponding to lithofacies Gm, Gh, Gl and Gp are present 
(Figure 6.21C). Cross-bed foresets dip at up to 20° (Gp) and comprise coarser, clast supported 
gravel and pebble conglomerates, intcrbcdded with poorly sorted coarse sandstones. The cross-beds 
are punctuated in places by rare, oversized rounded boulders of meta-carbonate up to 0.5m in 
diameter. An exposure on Cabezo 3 is characterised by similar conglomerates and sandstones with 
rare, oversized clasts, including a 3m boulder of Cuevas Formation sandstone (Figure 6.21D). 
Cross-bedded conglomerates reflect deposition by migrating bar-forms within a braided river 
environment similar to diat described by numerous authors (e.g. Ore, 1964; Williams & Rust, 1969; 
Smith 1970, 1974; Church & Gilbert, 1975). Lithofacies Gh and Gl correspond to the migratory 
surfaces of longitudinal bars, with Gm acting as a core for bar development. Deposition probably 
occurred within a series of broad shallow channels reflected by the lateral persistence of some units 
which are traceable over several metres. Lithofacies Gp represents deposition by transverse bars 
within small, well defined channels. The occurrence o f large oversized clasts reworked within the 
conglomerates is significant. These boulders suggest deposition either by a large flood or by 
localised reworking from collapsed channel margins. 
b) Pedogenic Modincation 
Pedogenic modification is again confined to the uppermost parts of the terrace remnant. The surface 
is capped by a well developed laminar carbonate crust (Stage IV) up to 0.5m thick which is veneered 
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Figure 6.21 - A: Overview of Tres Cabezos 
looking southeast. B: Sedimentary detail from 
Cabezo 3. C: Complimentary field sketch from 
Cabezo 3 showing the principal lithofacies that 
comprise the terrace remnant. Lithofacies Gm, 
Gh and Gl correspond to poorly developed 
longitudinal bars, whilst lithofacies Gp infills 
small channel scours 0.5m deep and several 
metres wide. D: Cuevas Formation sandstone 
boulder from Cabezo 2. Boulder is 3m in 
diameter and represents reworking of collapsed 
channel margins. Notebook = 20cm. 
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with a thin layer of red soil red soil (5YR 6/7: orange). These features are typical of a well 
developed aridsol (Soil Survey Staff, 1975). 
Section Interpretation 
Basal parts of the section show the development o f a braided river, cut into the former Cuevas 
Formation sediments. The coarse sand and gravel which comprises much of the sediment uithin the 
Tres Cabezos locality is locally derived from the underlying Cuevas Formation sandstones. Rare 
oversized clasts probably result from undercutting and bank collapse of channel margins which 
define the edge of the braided stream. The 3m size o f the boulder suggests that the was at least 3m 
deep. Aggradation of sediment must have been high in order to preserve such large, angular clasts 
within the braided river environment which normally would have been rapidly broken down or at 
least rounded within a high energy, bedload dominated environment. 
iii) Terrera Jarilla: Hill .148 m: GR.992267 
An extensive outcrop within the Terrera Jarilla region on the western side of the modem Rio 
Almanzora forms a significant remnant of terrace level A, located approximately 4km from the basin 
margins (Figure 6.18 & 6.19). The terrace is inset into the basinal fan-delta sequences of the Vera 
Member (Espiritu Santo Formation) (Chapter 3: section 3.4.2) and is composed o f conglomerates up 
to 15m in thickness. 
a) Bar-form facies 
The bar-form facics dominates the upper parts of the Terrcra Jarilla section where it is characterised 
by conglomerates and sandstones corresponding to lithofacies Gh, Gl, Sm and SI (Figure 6.22C). 
Conglomerates arc depicted by well sorted sub-angular to well rounded clasts of gravel and pebbles 
which are clearly imbricated. Cross-bedding is common, usually distinguished by low angle planar 
foresets (Gl) dipping at <10', and more rarely, steeply dipping foresets (Gp) dipping at up to 28^ 
Medium to coarse sandstones are less common than the conglomerates but are similarly well sorted, 
showing a clear horizontal or low angle planar cross-bedding, generally dipping at less than 10°. 
Rare overturned blocks of conglomerate and sandstone are sometimes observed with the bar-form 
facies (Figure 6.22B). The blocks are up to 0.6m high and Im in width, showing a clear vertically 
orientated bedding. 
The bar-form facies mainly corresponds to deposition by well developed longitudinal bar-forms with 
low angle foresets representing the downstream migration of bars. Rarer, steeply dipping cross-
bedded conglomerates represent deposition by transverse or lateral bars indicating that deposition 
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Figure 6.22 - A: Overview of the terrace 
remnant at Terrera Jarilla (GR.992267). B: 
Detail of the lower and mid parts of the 
section showing a large channel cut into 
underlying Cuevas Formation sandstones. 
The channel fill comprises steeply dipping 
(28*) tangential cross Ijeds corresponding 
to lateral bars. These are overlain by 
conglomerates dominated by boulders of 
Cuevas Formation sandstones derived 
from bank collapse along channel 
margins. Rucksack - 0. 45m. C : 
Sedtmentary detail from the upper part of 
the section showing a collapsed 
conglomerate block from a former channel 
margin. Notebook = 20cm. 
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occurred within a series of rare, well defined channels. The occurrence of rare overturned blocks of 
conglomerate and sandstone is significant as these probably correspond to collapsed channel margins 
and is significant in that they provide clear evidence of incision by the Rio Almanzora. 
Sedimentation rates were probably both rapid and high enough in order to bury and preserve these 
fallen blocks. 
c) Channel fades 
The channel facies occurs within the lower part o f the Terrera Jarilla section and is characterised by 
conglomerates and sandstones corresponding to lithofacies Gp and Gt. Basal parts of the section are 
composed of a series of small scoured surfaces which form part of a larger erosion surface, 3m deep 
and >10m that cuts down into the underlying Cuevas Formation sandstones. Conglomerates of 
lithofacies Gt form the dominant fill, characterised by steeply dipping foresets up to 28^ which have 
a tangential contact with the basal erosion surface and laterally build out fi"om the erosion surface 
(Figure 6.22B). Lithofacies Gt grades upwards into Gm within mid parts of the section. 
Characterised by lithofacies Gm, these conglomerates are composed of large blocks of angular and 
rounded Cuevas Formation sandstones up to 2m in diameter (Figure 6.228). 
The basal erosion surface has a clear channelised form and because it is made up of a series of 
smaller scours suggests that the formation of the channel was gradual and complex, cut by a series 
of floods prior to being infilled with sediment. The channel form is typical of a simple ribbon body 
(Friend et ai, 1979). The channel fill of lithofacies Gt lacks any scoured surfaces and was probably 
deposited during a single depositional event. Because the cross-beds build out from the channel 
margins it is possible that these cross-beds represent deposition as a lateral bar. According to Bluck, 
(1974), lateral bars are attached to channel margins and comprise a steep riffle face of gravel which 
crosses the adjacent channel to cut the opposite bank. This appears to be the case for this example. 
The channel must have flowed towards the southeast due to the fan-delta sediments acting as a 
topographic barrier directly to the south. 
Boulder conglomerates composed of Cuevas Formation sandstones that overlie lithofacies Gt within 
mid parts of the section were probably formed by reworking of the channel margins from further 
upstream. The high angularity of most of these sandstone boulders suggests that the channel form 
was deep and well defined. Boulders were probably introduced as bedload during flood, formed by 
collapsing of lithified channel margins, undercut by scouring floodwaters. 
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Section Interpretation 
Sediments within the Terrera Jarilla section represent a significant change in depositional style 
during their evolution. Basal parts of the section show scouring by a large channel form, 
progressively cut into Cuevas Formation sandstones. Channels appear to have been well defined, 
relatively deep forms infilled by single depositional events characterised by lateral, bank attached 
bars. No channel margins can be identified within mid parts of the section, although channel margins 
do appear to be present, inferred from the presence of boulders of Cuevas Formation Sandstones 
which were probably reworked from channel margins. 
Initial deposition was characterised by the formation of a series of large channel forms, several 
metres deep and probably >10m wide, which cut down into the underlying Cuevas Formation. 
Channel fills were dominated by large, in-channel bar-forms, characterised by a mixture of lateral 
and transverse bars. The sandstone boulder conglomerates within the mid-part of the section suggest 
highly unstable channel margins which are susceptible to undercutting and collapse during flood. 
Both the large size of these boulders (up to 2 m diameter) and their textural immaturity (angular to 
sub-rounded) indicates that the floods were both large and strong enough to cause bank erosion and 
collapse, and were subsequently followed by rapid aggradation of sediment so as not to rework the 
sandstone boulders downstream. According to Friend et al., (1979), the regular collapse of bank 
material by shearing or liquefaction is necessary for channel migration. Collapse by shearing is 
inferred for this example due to the angularity of the boulders. Tlie underlying Cucvas Formation 
sandstones were probably well cemented thus influencing the way in which the channels were 
scoured by bank collapse. Cohesive bank material tends to produce narrow, deep channels (Schumm, 
1968; Friend et ai, 1979) as appears to be the case for this example at Terrera Jarilla. 
Mid and upper parts of the section show less pronounced chamielisation of sediment. Reworked 
boulders of Cuevas Formation sandstone in the mid part of the section suggests that the stream was 
cut into the Cuevas Formation upstream. Upper parts of the section are dominated by longitudinal 
bars. These appear to have been deposited in broad shallow channels. Evidence for this is derived 
from the preserved bank collapse (Figure 6.22C) which suggest that channels were approximately 
0.5m deep. Conglomerate channel banks tend to be weakly cohesive (Schumm, 1968), although here 
the conglomerates forming the channel margins may have been relatively well cemented in order to 
be preserved as a collapsed block. 
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v) Cordoba: Hil l .145 m GR. 013249 
A small exposure on Cordoba hill forms the most significant distal remnant o f the highest terrace 
level A within the Vera Basin, located at approximately 6km distance from the basin margins 
(Figures 6.18 & 6.19). The terrace is characterised by up to 6m of conglomerate, capped by a thick 
laminar carbonate crust. 
a) Bar-form fades 
The bar-form facies dominates the terrace remnant of Cordoba Hill where it is characterised by 
conglomerates corresponding to lithofacies Gm, Gh and 01. Well sorted and clast supported, the 
conglomerates are composed of well rounded clasts of gravel and pebbles. Deposition probably 
occurred by longitudinal bars, with the mature textural characteristics o f the sediment derived fi-om a 
local Basinal fan-delta source Just to the north. 
b) Pedogenic modification 
Pcdogenic modification of Cordoba Hi l l is characterised by a Im thick laminar carbonate crust 
which caps the upper part of the terrace (Figure 6.23A). Basal parts of the carbonate crust are 
diffuse, characterised by 0.35m of white marl. This is overlain by 0.35m of carbonate coated clasts 
of gravel and pebbles which in turn are overlain by 0.25m of indurated, laminar carbonate. 
Petrographic analysis of thin sections from the laminar calcrete shows a series o f micritized nodules 
(glaebules) set with a mixed micritic and granular calcite matrix (Figure 6.23B). Larger clasts up to 
gravel and pebble size within the calcrele are commonly fractured, and infilled with a micrite matrix. 
An example showTi in Figure 6.23C shows a fractured limestone clast which has been infilled with 
micrite. 
The carbonate development is characteristic of a pedogenic calcrete and reflects a typical sequential 
or zoned development, corresponding to a stage FV calcrete which supports an early Pleistocene age 
for the terrace remnant (Gile et a/., 1966). 
Section Interpretation 
The Cordoba Hill section represents the development of the ancestral Rio Antas within a more distal, 
basinal setting. Basal parts of the section represent the establishment of a braided river, cut into the 
underlying Cuevas Formation sandstones. Lacking in channelised forms, the conglomerates suggest 
that deposition occurred by longitudinal bars, probably within a series o f ill-defined broad shallow 
channels typical of a bedload dominated braided stream. The textural maturity o f the conglomerates 
suggest that sediment was reworked locally from the nearby basinal fan-delta sediments (Vera 
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Figure 6.23 - A: Stage IV indurated, laminar calcrete development on the upper 
surface of Cordoba Hill (GR.013249). Pencil = 14cm. B: Orientated thin section 
under cross polarised light. The calcrete comprises pisoliths of micrite which 
have sometimes aggregated around detrital grains of mica. C: Orientated thin 
section under cross polarised light showing a shattered carbonate grain (A) 
infilled with calcite (B) and micrite cement (C). This feature is typical of the 
uppermost pari of the crust, where reworking by breakdown and re-precipitation 
has occurred (Estaban & Klappa. 1983). 
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Member, Espiritu Santo Formation) exposed at Lomo !os Zorzos (GR.998258) Extensive calcrete 
development on the upper surface of Cordoba Hil l occurred following dissection and abandonment of 
the highest and oldest level of the ancestral Rio Almanzora and suggests an early Pleistocene age. 
6.4.3 Evolution of the Rio Almanzora 
i) Depositional setting 
Despite its fragmentary nature, the exposures of Terrace level A show that the ancestral Rio 
Almanzora initially developed as a series of charmelised forms cut into Cuevas Formation sandstones 
during the Early Pleistocene. The channels appear to have been deep (3m), narrow forms (10m) 
characterised by cohesive channel margins. The presence o f reworked boulders of Cuevas 
Formation, some up to 3m in diameter indicate that the channel margins were commonly subjected to 
undercutting probably by scouring from turbulent flood waters. Channels were infilled by well 
developed lateral and transverse bars, in most cases by single depositional events. Later deposition 
shows the development of much broader (tens of metres), shallow channels (0.5m) infilled with 
longitudinal bars. These deposits are typical o f a braided river environment (e.g. Williams & Rust, 
1969; Rust, 1972; Smith, 1970; 1974). Channels appear to have migrated over a wide area forming 
a braid-plain type of environment. Palaeocurrents suggest that the streams were sourced from the 
Sierra Almagra mountain front, with streams flowing generally towards the southeast. Localised 
palaeocurrents from individual localities vary considerably from the SW to the SE (Figure 6.18) and 
suggests that sediment was being transported by a series of mountain front streams, draining the 
Sierra Almagra and not just from a single thread ancestral Rio Almanzora. Clast assemblages 
support a Sierra Almagra source area, dominated by chloritic mica-schists and amphibolites of the 
Ballabona Unit (Alpujarride Complex). 
ii) Evolution of Terrace Level A, Rio Almanzora 
A tentative palaeogeographic reconstruction is presented for the initial development of the ancestral 
Rio Antas during the eariy Pleistocene (Figure 6.24). The reconstructions are based on a series of 
relative time events. 
a) Late Salmerdn Formation (Figure 6.24A) 
Late Salmeron Formation times are characterised by the maximum southwards progradalion of 
alluvial fans of the Cuevas System from the Sierra Almagra mountain front (Chapter 5, Section 5.3). 
These alluvial fans coalesced in their distal areas and intercalated with an ephemeral playa lake. The 
main exit point of the modem Rio AJmanzora appears to have been present at this point in time, 
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Figure 6.24 - Schematic evolution of Terrace Level A of the Rio Almanzora. A: Late Salmer6n -
alluvial fans of the Cuevas System prograding from the Sierra Almagra mountain front intercalate 
with an ephemeral ptaya take in their distal region. The Plio-Pleistocene Sea retreated into the 
Pulpi corridor within which Late Pliocene / Early Pleistocene fan-delta sediments were deposited 
(Veeken, 1983). B: Early Pleistocene development of the Rio Almanzora occurred by incision 
Into, and adjacent to, the fonmer alluvial fans of the Salmer6n Fonnation which were uplifted and 
deformed following the early Pleistocene phase of deformation (Chapter 4). The Rio Almanzora is 
not well defined within the Vera Basin during this eariy stage, but does however form an 
antecedant drainage line which has existed since the Pliocene, originally feeding the Northern 
margin fan-delta of the Esplritu Santo Fm. In proximal areas, a series of mountain front streams 
joined to create a broad braidplain. C: The modern Almanzora shows reflects the progressive 
dissection and development of the Almanzora 
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feeding sediment to the most easterly Cuevas System alluvial fan having been initiated during the 
Espiritu Santo Formation (Basin Margin fan-delta: Chapter 3, Section 3.4.3) and maintained 
throughout the Salmeron Formation times. 
b) Early Rio Aimanzora, level A (Figure 6.24B) 
Initial development of the Early Pleistocene ancestral Rio AJmanzora occurred following an Early 
Pleistocene deformation phase (Chapter 4). The Sierra Almagra basin margin was uplifted during the 
deformational phase leading to abandonment of the Cuevas System (Salmeron Formation). Because 
remnants of level A are only found to the east of the former Cuevas System then this area must also 
have been uplifted. Following the deformation, consequent streams were superimposed onto the 
former shelf platform area of the Cuevas Formation, exposed following the complete withdrawal of 
the Pliocene Sea. Consequent streams were also incised into the most distal, eastern parts of the 
Cuevas System alluvial fans (Hill. 163m GR.981278). The first consequent streams were marked by 
the development of a series of unconnected, relatively deep and narrow mountain fi-ont streams, 
whose channels were infilled with longitudinal, lateral and transverse bars. 
c) Late Rio Almanzora, level A (Figure 6.24C) 
The late stages of the Early Pleistocene ancestral Rio Almanzora were dominated by aggradation of 
sediment characterised by the formation of a scries broad, shallow braided river channels. These 
developed over the former incised channels and appear to have covered wide areas of the former 
Pliocene shelf Calcrete development following dissection of this terrace level suggests that the 
climate was relatively arid, possibly characterised by seasonal storms during which most of the 
sediment transport occurred. Wenzens (1992a), on the basis of sedimentary evidence suggested that 
the large boulders of Cuevas Formation sandstones observed w^ithin the Tres Cabezo locality were 
the product of periglacial processes. Boulders were thought to have been transported over several 
kilometres on a raft of thin ice as 'driftblocks' from the mountain front during a cold and arid 
climate some 15°C colder than today (Wenzens, 1992a). The interpretation offered by this study 
more simply suggests that the boulders are derived from undercut channel margins formed during the 
dissection of terrace level A. Supposed ice wedge structures were also observed (Wenzens, 1992a: 
pi31) but these could more simply be interpreted as scoured channel surfaces. 
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6.5 D I S S E C T I O N O F T H E R I O A L M A N Z O R A - Terrace Levels B - D 
6.5.1 Introduction 
As previously stated the Rio Almanzora displays four different terrace levels (A-D) that represent 
the progressive dissection of the Almanzora during the Pleistocene. Terrace levels B-D are incised 
into level A but do not represent any significant changes in palaeogeography. For this reason and 
because levels B and D are very fragmentary in nature, these levels are not considered in any detail 
within this thesis. 
The ensuing sections consider terrace levels B-D briefly in order to establish the principal 
depositional environment for each level. The spatial distribution of these levels in relation to the 
modem Rio Almanzora and the Sierra Almagra is presented within Figure 6.25. 
Each level is examined by using a series of key localities which display the typical characteristics of 
each level (Figure 6.26). These localities arc: 
1. Terrace Level B - Alto de Zajara (GR.025273) 
2. Terrace Level C - Rambla Gomara (GR.998312 
- El Alanchetc (GR.001304) 
- Canada del Jatico (GR.043225) 
3. Terrace Level D - Cortijo los Pinares (GR.993305) 
6.5.2 Rio Almanzora - Terrace Level B 
Terrace level B represents up to 40m of dissection by the Rio Almanzora from level A (Figure 
6.16). An extensive outcrop of terrace conglomerates occurs at Alto de Zajara on the eastern side of 
the modem Rio Almanzora, approximately 5km from the northern basin margin. Dissection by the 
modem Almanzora has produced an impressive clifF section of Cuevas Formation sandstones which 
are unconformably overlain by up to 15m of terrace conglomerates (Figure 6.27 A). 
b) Bar-form fades 
The bar-form facies dominates the terrace remnant at Alto de Zajara. Lower parts of the section 
comprise a mixture of lithofacies Gm, Gh, and Gl. Conglomerates are poor to moderately well 
sorted, composed of sub-rounded to rounded clasts of gravel and pebbles supported within a coarse 
sand matrix. Rare boulders of Cuevas Formation sands occur up to 0.6m in diameter (Figure 6.27B). 
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1. Level B: El Alto de Zajara - GR.025273 
2. Level C: Rambla Gomara - GR.998312 
3. Level C: El Alanchete - GR.001304 
4. Level C: Canada del Jatico - GR.043225 
5. Level D: Cortijo los Pinares - GR.993305 
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F i g u r e 6.26 - Location map of the key localities used to examlneTerrace Levels 
B-D of the ancestral Rio Almanzora. 
306 
Chapter 6: The Pleistocene Drainage Systems 
Calcrete 
Figure 6.27 - A: Overview of the proximal locality of terrace Level B at Alto de 
Zajara (GR.025273). B: Detail of the Alto de Zajara section and complimentary field 
sketch. The section is dominated by longitudinal bars (Gl, Gh) and is cut through 
the centre by a simple ribbon channel infilled with planar cross-beds (Gp). 
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Upper parts of the section are dominated by lithofacies Gh, forming well defined, thinly bedded units 
up to 0.1m in diickness. 
Conglomerates within the lower parts of the section correspond to deposition as poorly developed 
longitudinal bars and diffuse sheets o f sediment. The presence of boulders o f Cuevas Formation 
sandstones suggests that bar development took place within broad chaimel fonms incised into Cuevas 
Formation sediments fi-om which collapsed bank margins were incorporated as bedload into the 
streams. 
c) Channel facies 
The channel facies occurs only within the upper part of the Alto de Zajara section where it is 
characterised by conglomerates corresponding to lithofacies Gp (Figure 6.27B). Cutting down into 
the underlying conglomerates, a broad shallow channel 2m deep and >IOm wide is infilled with 
cross-bedded conglomerates (Gp). Individual foresets are 0.2m thick and dip steeply at up to 17°, 
comprising a mixture of coarser pebble to cobble clasts near to the channel margins, fining into 
gravel towards the centre of the channel. The foresets appear to build out from the channel margin. 
Liihofacies Gp corresponds to deposition by lateral bars as described by Bluck (1974). Bar 
migration occurs by avalanching of coarse sediment down the bar fi-ont forming steeply inclined 
forescts. The size of the foresets are indicative of the depth of scour (Bluck, 1974), which in this 
case suggests a channel depth of up to 2m. Foresets lack any internal scouring and therefore suggest 
deposition by a single event. 
Section Interpretation 
Lower parts of the Alto de Zajara section correspond to the initial deposition of longitudinal bars, 
probably within broad shallow channels cut into a Cuevas Formation palaeo-surface. Channel 
margins were defined by Cuevas Formation sandstones and were probably frequently undercut and 
reworked by flood events, explaining the presence of rare Cuevas Formation sandstone boulders 
within the fluvial sediments. The large channel within central parts o f the section indicates that the 
broad, shallow streams were sometimes cut by large, well defined channels infilled with lateral bars. 
Upper parts of the section reflect deposition by thin sheets of gravel (Gh), probably deposited within 
broad shallow channels. 
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6.5.3 Rio Almanzora - Terrace Level C 
Terrace level C records up to 65m of dissection by the Rio Almanzora from Terrace level A (Figure 
6.16). Remnants of level C are well exposed along the margins of the modem day Rio Almanzora, 
preserved as a series of extensive outcrops from the most proximal areas close to the Sierra Almagra 
mountain front through to the most distal areas near the modem coast (Figure 6.25). Three localities 
are considered which show the proximal to distal characteristics of Terrace level C (Figure 6.26). 
i) Rambia Gomara (GR.998312) 
Exposed within the modem day Rambia Gomara, a 27m section of pink and grey coloured 
conglomerates and sandstones which unconformably overlie mica-schists of the Ballabona Unit 
(Alpujarride Complex) represent the most proximal exposure through terrace level C. The section is 
located within several tens of metres o f the basin margin fault and is approximately 2km eastwards 
of the entry point of the modem Rio Almanzora (Figure 6.25 & 6.26). A photo mosaic of the 
Rambia Gomara section is shown in Figure 6.28 and represents a section which is transverse to the 
principal palaeocurrent direction. 
b) Bar-form fades 
TTie bar-form facies are common throughout the Rambia Gomara section and are composed of 
conglomerates and sandstones characterised by lithofacics Gh, Gl and Gp with minor amounts of 
Sm. Coarser clast populations form sheets of moderately sorted, clast supported pebble and cobble 
conglomerates (Gh) which fine upwards into thin coarse sandstones (Sm) (Figure 6.29B,D). These 
units reach up to 0.4m in thickness and are traceable laterally over several metres. Gh grades 
laterally into Gl, and is characterised by cross-bedded conglomerates with foresels that comprise a 
mixture of gravel and coarse sand that dip at angles <8** (Figure 6.29B). 
Gh and Gl probably represent deposition by longitudinal bar-forms similar to those described by 
numerous authors in modem braided environments (Ore, 1964; Williams & Rust, 1969; Smith, 
1970, 1974; Hein & Walker, 1977). Coarser sheet conglomerates were probably deposited during 
high stage flows as diffuse sheets of sediment. Thin sandstone drapes over the conglomerates (Sm) 
may correspond to sediment deposited during waning flood. Low angle cross-beds (Gl) reflect the 
downstream migration of longitudinal bars. 
c) Channel facies 
The channel facies are composed of conglomerates corresponding to lithofacies Gm, Gsc, Gp. Gt 
and Sm. Channel margins are often diffuse and poorly defined due to the coarse nature of the 
sediment. Where exposed, large symmetrical channel forms are typically broad, shallow features up 
309 
w 
Figure 6.28 - A: Overview of the 
Rambla Gomara sectKXi 
(GR.998312). Car for scale. B: 
Sedimentary detati from me basal 
parts of tfie section showing low 
angle cross-bedded 
conglomerates (Gi) ovedam by 
weakly bedded conglomerates 
(Gfi). These corresporxJ to 
deposition by poorty developed 
longitudinal bars. Notetxx)k heigfit 
= 20cm. C: Sf>eflts at cobble 
conglomerates deposited as 
diffuse sheets of sediment 
commonly acting as cores for bar 
development. Pencil length = 
14cm. 
Chapter 6: The Pleistocene Drainage Systems 
v.-
Figure 6.28 (Ctd) - D: Massive sandstone channel fills. Scale 1cm = 20cm. E: 
Extensive calcrete development (Stage IV) on the upper surface of the Rambia 
Gomara section. 
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to 1.5m deep and several tens of metres wide. Lithofacies Gm comprises the coarser clast 
populations which commonly overlies the base of the channel and sometimes infill whole channels 
(Figure 6.29D). Lithofacies Gsc infills small symmetrical scoured surfaces up to Im wide and 0.2m 
deep (Figure 6.29B) 
The complex series of channels indicates multiple fills formed by a series of complicated erosional 
and depositional events which reflect variable flood strengths v\'ithin the channels. Larger channel 
features were probably cut during more intense flood events, also reflected by coarser grained 
massive structureless fills corresponding to lithofacies Gm. Cross-bedding within the larger channels 
may be the result of lateral accretion of bars, formed by down filling of channel sides during waning 
flood (Ramos & Sopeiia, 1983). 
d) Inter-channel facies 
The inter-channel facies are present throughout the Rambia Gomara section (Figure 6,28) and are 
composed of sandstones and siltstones of lithofacies Sm, Sh and Fm. These sediments are beige in 
colour and typically form laterally persistent lensed sheets of sediment up to Im thick and several 
tens of metres wide (Figure 6.28). Individual units of sandstone or siltstone tend to be massive 
although some units do show evidence for erosion surfaces (Figure 6.28). 
The lensed sheet geometry of the sandstones and siltstones suggests that deposition occurred in 
channelised forms. In most cases these channels are typical of simple ribbon forms or less 
commonly, complex ribbon forms where the sediments display scouring. Channelisation and massive 
nature of the sandstones and siltstones suggests that deposition possibly occurred from suspension or 
from spillovers within channel-like forms. These are probably abandoned channel areas, cutoff from 
the main areas of deposition. Such deposits are commonly observed within modem braided stream 
environments (e.g. Smith, 1974). 
e) Pedogenic modification 
Pedogcnic modification is confined to the uppermost part of the Rambia Gomara section 
characterised by a well developed, indurated laminar carbonate cmst up to 0.5m in thickness (Figure 
6.28E). The cmst defines the flat upper surface of terrace level C, which can be traced over an area 
of several hundred metres. The carbonate cmst is typical of a calcrete whose well developed 
characteristics correspond to a stage IV (Gile et ai, 1966). 
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Section Interpretation 
The Rambla Gomara section represents the proximal part of a mountain front stream that appears to 
have drained into the main Terrace Level C Rio Almanzora. Deposition is typical of a braided river 
environment, dominated by longitudinal bars deposited with a series of broad shallow channels. 
Sediments can be traced laterally over several hundred metres suggesting that the streams migrated 
laterally over a large area forming a broad braid-plain environment. 
ii) El Alanchete (GR001304) 
Interbedded red coloured siltstones, sandstones and conglomerates within the El Alanchete region 
represents a distal exposure through the tributary system which fed into the main Terrace Level C of 
the Rio Almanzora. The principal sections are exposed in cuttings alongside a track which leads up 
onto the upper terrace surface, revealing a 25m thickness of sediments which unconformably overlie 
Cuevas Formation sandstones. These exposures are located approximately 1km southwards o f the 
previously described Rambla Gomara section. Mapping of diese sediments within the El Alanchete 
region reveals an elongate body of sediment, that can be traced from the Rambla Gomara section for 
1km towards the southwest (Figure 6.25). The sediment body is incised into the Cuevas Formation 
forming a valley fill. A sedimentary log through the section shows the dominant lithofacies, 
palaeocurrents and clast provenance (Figure 6.29A) 
a) Sheet-form fades 
The sheet-form facies dominates the El Alanchete section and is characterised by fine grained 
sediments depicted by red coloured siltstones corresponding to lithofacies Fm. Both massive and 
bedded siltstones are apparent. The massive siltstones form units up to 2.3m in thickness (Figure 
6.29A,C) that can be traced laterally over several tens of metres. These units are usually interbedded 
with sheet and channelised conglomerates described below. Although generally massive, rare patches 
of conglomerate characterised by imbricated clasts of gravel and pebbles supported within the red 
silt, giving an apparent floating appearance, occur within the siltstones. Bedded siltstones up to 0.3m 
in thick are defined by a basal scour. Upper parts o f the beds are often characterised by white clay 
drapes up to 1cm thick that can be traced laterally over several metres. 
The origins of these siltstones are uncertain. Wenzens (1992a) proposed that the siltstones were wind 
derived sediments sourced from the floodplain of the Rio Almanzora, suggesting a deluvial loess 
origin. Grain size analysis by Wenzens (1992a) certainly supports a possible wind blown origin, 
however, no wind directional evidence was presented to support this statement. In fact, because the 
siltstones lack any cross-bedding which is normally diagnostic of wind-blown sediment, transport 
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A .Valley Fill Tributary System •GR.000302: El Alanchete 
) * • ' * [ 
D ^ 
Figure 6.29 - A: Sedimentary log through the El Alanchete section (GR.000302). B: 
Detail from the upper part of the section. Thin sheets of cross-bedded conglomerates 
(longitudinal bars) are intert)edded with massive pink coloured siltstones (mudflows) 
NotetKXJk height = 20cm. C: Rare, large ribbon channels infilled with massive, 
stmcturetess congtomerat^. ojcksack height = 0.45m. Small channel scour infilled with 
poorty sorted, matrix supported conglomerates approximating to a cohesive debris ftow. 
Lens cap wkjth = 5.2cm. 
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directions can only be derived from the interbedded conglomerate units. These conglomerates clearly 
show a transport direction towards the southeast and southwest (Figure 6.29A). Windblown 
sediment would have to have been transported in the other direction to be sourced from the Rio 
Almanzora floodplain. The sheet-like geometry of the siltstones suggests that the sediment was 
deposited by laterally unconfined flows. The fine grain size may indicate that these flows were 
probably viscous muddy flows. Rare, imbricated floating clasts of gravel and pebbles within the 
siltstones suggests that sediment flows were cohesive enough to support these larger clasts. While 
clay drapes on the tops of some beds may have been deposited from suspension once the mudflow 
had stopped moving. 
b) Bar-form fades 
The bar-form facies forms only a minor component of the El Alanchete section and is characterised 
by conglomerates corresponding to lithofacies Gm, Gh and Gl. Intcrbedded with red siltstoncs, the 
conglomerates can be traced laterally over several tens of metres, forming units up to 0.7m thick 
(Figure 6.29C). Lithofacies Gm forms the basal parts of units, overlying a basal scour, fining 
upwards into Gh and laterally into Gl. Foresets are typically low angle (5- 8°). The conglomerates 
are poorly sorted, composed of sub-angular to sub-rounded clasts of gravel and pebbles supported 
within a red coloured silt matrix. Clasts are clearly imbricated. 
Conglomerates of the bar-form facies represent deposition by diffuse sheets of sediment and poorly 
developed longitudinal bars. Gm was probably deposited during flood, as diffuse sheets of sediment 
similar to that described by Hein & Walker (1977). Deposition of Gh and Gl occurred during waning 
flow, with lithofacies Gm probably acting as a core for the migrating bar-form. 
c) Channel facies 
Channels are rare within the El Alanchete section and usually occur as either well defined 
s>'mmetrical forms up to 1.6 m in thickness that are traceable laterally over several metres (Figure 
6.29D) or as small scoured channels up to 1 m in width and less than 0.5 m deep (Figure 6.29E). 
Large channel fills comprise conglomerates corresponding to lithofacies Gm and Gh. Lithofacies Gm 
commonly forms the lower parts of channel fills which overlie a clearly defined basal scour. These 
conglomerates are poorly sorted and supported within a red silt matrix. The upper parts of channel 
fills are characterised by a gradation from Gm to Gh. These conglomerates are still supported within 
a red silt matrix but show better sorting and a clear clast imbrication. In contrast, small channel fills 
comprise a poorly sorted, matrix rich conglomerate corresponding to lithofacies Gm and Gsc with 
clasts showing a clear imbrication (Figure 6.29D). 
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Both the poor sorting and matrix supported nature of these channelised conglomerates is significant 
suggesting that flood waters were rich in sediment indicating deposition by mass-flow processes. 
However, imbrication of clasts, particularly within lithofacies Gh, indicates a slightly fluidal 
depositional medium. This therefore suggests that these channel conglomerates were probably 
deposited by intermediate flows between debris flows and normal flood waters. Similar 'transitional' 
sediments deposited under dilute conditions of non-Newtonian flow have been described within 
modem alluvial sequences in the Howgill Fells of NW England by Wells and Harvey (1987). 
Section Interpretation 
The EI Alanchete section represents a distal exposure through a valley tributary system feeding the 
main Rio Almanzora. Palaeocurrents derived from the conglomeratic units clearly indicate a 
southwards transport direction, whilst clast provenance is dominated by carbonates and purple 
coloured mica-schists and quartzites sourced from the Variegato Unit (Figure 6.29A). Inter-bedding 
of mudflows with infrequent channel and bar-form conglomerates suggests a mud dominated valley 
tributary punctuated by rare channels and braided reaches. The provenance o f clasts which form the 
conglomerates is clear but Svhere are the fines from which the dominate the mudflows derived 
from?* Red coloured siltstones are commonly observed within the Triassic Variegato Unit of the 
Sierra Almagra, so this could be a possible source. The deluvial loess origin suggested by Wenzens 
(1992a) has been discounted due to a lack of wind-blown sedimentary structures. One source area 
may be from an E-W orientated mountain front ridge of red coloured early Tortonian alluvial fan 
sediments which outcrop just in fi-oni of the Sierra Almagra. Head-cutting by the tributar>' system 
would eventually reach the Tortonian sediments and / or basement and rework them into the valley 
tributary system which fed the main Rio Almanzora. 
ill) Canada del Jatico (GR.043225) 
The Canada del Jatico section represents a distal exposure through Terrace Level C of the Rio 
Almanzora. Located approximately 11km from the northern basin margins and 2km from the modem 
day coastline, the Canada del Jatico section is positioned directly in-between two significant 
exposure of rhyo-dacite volcanics of Tortonian age (Volk, 1967a) (Figure 6.25). Up to 9m in 
thickness, exposures of Terrace Level C are characterised by a series of well defined cross bedded 
conglomerates and sandstones corresponding to lithofacies Gh, Gl, Gp, Sh, SI and Sp that 
unconformably overlie Cuevas Formation sandstones (Figure 6.30). 
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Figure 6.30 - Photo mosaic (A) and accompanying 
field sl<etch f B of the C a n a d a del Jatico section 
(GR.043245). Basa l parts of the section comprises 
pooriy sorted pebble-cobble conglomerates 
supported within a red silt. These sediments suggest 
hyperconcentrated stream flows with the red matrix 
possibly rewori<ed from a pre-existing red soil cover, 
r^id parts of the section are dominated by well 
developed foresets (Gp) up to 1.3m high which 
suggest deposition as transverse bars. These 
features are typical of a mature fluvial system which 
has developed within the distal parts of the Rio 
Almanzora (Level C ) . 
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b) Bar-form facies 
The Canada del Jatico section is composed entirely of sediments corresponding to the bar-form 
facies. The section is parallel to the principal palaeocurrent direction and is characterised by a series 
of cross-bedded conglomerates that correspond to lithofacies Gl and Gp. 
Lower parts of this section are characterised by 0.85m of conglomerates corresponding to lilhofacies 
Gm. Poorly sorted, these conglomerates are composed of sub-angular to sub-rounded clasts of 
pebbles, cobbles and rare boulders supported within a red silt matrix. Above lithofacies Gm are Im 
of well sorted, clast supported, cross-bedded conglomerates of lithofacies Gl. Foresets are typically 
low angle (10-7°, declining in angle downstream) and comprise a mixture of coarse sand and gravel. 
Within the mid parts of the downstream exposure arc 1.3m of cross-bedded conglomerates that 
overlie an undulose basal scour cut into coarse sandstones. The conglomerates correspond to 
lithofacies Gp and comprise steeply dipping planar forcsets (32^ composed of well sorted, clast 
supported gravels. Excellent three dimensional exposure of these cross-beds indicates that foresets 
were orientated north-south and migrated towards the east (Figure 6.30). The upper surface of these 
planar cross-beds are flat (Figure 6.30). Erosively overlying Gp within the upper parts of the 
exposure are another 1.7m of horizontally and low angle cross-bedded conglomerates corresponding 
to lithofacies Gh and Gl. Well sorted and clast supported, these conglomerates can be traced laterally 
over several metres forming well defined units up to 0. Im in thickness. 
From both of these exposures conglomerates corresponding to hvo types o f bar-forms can be 
identified. Firstly, horizontal and low angle cross-beds reflected by lithofacies Gh and Gl correspond 
to deposition by longitudinal bar-forms. Secondly, steeply dipping foresets characterised by 
lithofacies Gp, correspond to deposition by transverse bars. Matrix supported low angle cross-
bedded conglomerates within basal parts of the section represent the development o f mud dominated 
longitudinal bars. 
Section Interpretation 
The basal contact benveen the fluvial sediments and the underlying Cuevas Formation, indicates that 
the Rio Almanzora developed onto a palaeo-surface exposed by the retreating Pliocene Sea. Initial 
deposition was characterised by a series of longitudinal bar-forms rich in a red sill-mud matrix. 
Fluvial reworking of a red soil which once mantled the former exposed palaeo-surface may suggest a 
possible origin for this red matrix. A gradation from matrix rich to clast supported cross-bedded 
conglomerates reflects the establishment of braided stream channels dominated by longitudinal bars. 
A lack of red sill matrix within these overlying conglomerates supports a soil origin for the silt 
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because a thin mantle of soil would be rapidly incorporated into the fluvial sediments and its supply 
would be rapidly exhausted. 
The good development of transverse bars within the mid parts of the downstream exposure suggests 
channelisation of sediments, cut into the underlying braided reaches. The 1.3m thickness of the 
cross-beds suggests that the channels were well defined forms, at least I m deep. The undulose base 
of the planar cross-beds may represent a pool and riffle arrangement within the channel. 
6.5.4 Rio Almanzora - Terrace Level D 
Terrace level D is generally poorly exposed and is expressed as a bench-like terrace form cut in 
marls and fine sands of the Turre and Cuevas Formations capped with <8m of poorly cemented 
gravel conglomerates. Only in proximal areas of the Rio Almanzora are any significant remnants of 
Terrace level D preserved (Figure 6.25). The level is incised by almost 100m below Terrace level A 
and lies only 20m above the modem Rio Almanzora channel (Figure 6.16). 
i) Cortijo los Pinares (GR.993305) 
The Cortijo los Pinares section is located within 100m of the basin margin fault near to the entry 
point of the modem Rio Almanzora (Figure 6.25 & 6.26). The section is characterised by 12m of 
conglomerates and coarse sands capped by a thin (0.2m) laminar carbonate cmst that erosively 
overlie bioclastic coarse sandstones of the Cuevas Formation (Figure 6.31 A,B). The main distinctive 
feature of the section is the occurrence of a collapsed block of conglomerate that has formed by 
undercutting of the Rio Almanzora (Figure 6.31B,C,D). The conglomerate was probably well 
cemented when undercutting occurred because of the block like form which has been retained within 
the fall. The section clearly shows several episodes of cut and fill suggesting that flood waters were 
often highly erosive in nature. The boulder dominated conglomerate at the base o f the section (Figure 
6.31B,C) also suggests that flood waters were often extremely powerful with an ability to transport 
large bedload material. The strength of flood waters were probably accentuated due to the proximity 
of the entry point of the Rio Almanzora on emergence from the Sierra Almagra mountain front. 
6.5.5 Dissection of the Rio Almanzora: a synthesis 
Terrace levels B-D record over 100m of dissection by the Rio Almanzora during the Pleistocene. 
Sedimentary evidence shows that the Rio Almanzora has been characterised by braided streams 
which are probably ephemeral in nature. In proximal areas, the streams have been dominated by 
coarse cobble-boulder bedload deposited within a series of broad shallow channels as sheet 
conglomerates, longitudinal and lateral bars. Within distal regions channels become clearly defined, 
and are often infilled with less coarse sediment in the form of well developed transverse bars. 
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Figure 6.31 • A: Sedimentary log through the Cortjo los 
Pinares section (Rio Almanzora. Terrace level D). The 
terrace conglomerates erosively overiie marine 
sandstones of the Cuevas Formatton. B: Oven^ew of the 
mam section showing sandstones cut into a bench like 
feature within the conglomerates (arrowed). C: 
Complimentary field sketch. The collapsed block and 
logged section are marked. D: Detail of the collapsed 
block. Notebook height = 20cm (arrowed). 
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Sediment appears to comprise a mixture of texturally mature and immature sediment within the 
mountain front setting. This combination probably relates to locally derived sediment weathered 
directly from the Sierra Almagra mountain front (angular) as well as reworked sediment from older 
higher terrace levels (rounded). In contrast, sediment within distal areas is quite texturally mature, 
probably refleaing the reworking of former terrace levels, as well as rounded pebble conglomerates 
from the Basinal fan-delta bodies of the Vera Member (Espiritu Santo Formation). The main Rio 
Almanzora becomes clearly defined during Terrace Level C where a tributary channel, rich in locally 
derived red sands and silts grades down to where the main channel would have been located in more 
or less a similar position as the Almanzora occupies today. 
6.6 C O N T R O L S O N T H E E V O L U T I O N O F T H E P L E I S T O C E N E D R A I N A G E 
SYSTEMS 
6.6.1 Introduction 
The Pleistocene drainage network within the Vera Basin displays a typical evolutionary trend of 
inauguration, network expansion and a decrease in stream density as the drainage network undergoes 
dissection. In order to understand the development of this network it is necessary to consider the 
possible controls which affect sedimentation within the Vera Basin during the Pleistocene. These 
factors are those which are extrinsic (allocyclic) to the drainage basin and are independent of 
drainage basin characteristics (sea-level, climate and tectonics), and those which arc intrinsic 
(autocyclic) to the basin and arc dependant on drainage basin characteristics (topography, sediment 
supply). 
6.6.2 Allocyclic Factors 
i) Climate 
Climatic controls will affect the rates of sediment production and transportation within developing 
drainage systems and therefore control the aggradational and dissectional behaviour of the fluvial 
system (Mather e/o/., 1995). 
Evidence for climatic conditions \vithin alluvial sediments can be derived from palaeosols whereby 
the development of carbonate within soils is often attributed to arid and semi-arid conditions (Wright 
& Allen, 1989). All of the Pleistocene terrace remnants within the Vera Basin are capped by well 
developed indurated, laminar and nodular calcretes (Stage III-IV) typical of aridsols. These soils 
suggest that the Vera Basin was affected by relatively arid conditions throughout the Pleistocene. 
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According to Sabelberg (1977) the Pleistocene period within the western Mediterranean was 
characterised by cold, dry conditions. During glacial periods, cold dry conditions would have 
increased sediment production rates and may relate to major phases of sediment aggradation (Amor 
& Florshutz, 1964). In contrast, warmer interglacial periods would have reduced sediment 
production and may relate to periods of incision (Harvey, 1990). It is possible that phases of 
aggradation and dissection recorded within the terrace sequences during the Pleistocene may 
therefore relate to climatic fluctuations. 
ii) Sea-Level 
Sea-level wil l act as a baselevel to the fluvial system (Schumm, 1994). Leopold and Bull (1979) 
suggested that baselevel changes tend to be localised and have little upstream effect on the fluvial 
system. Experimental work by Koss et al (1994) supported these conclusions showing that sea-level 
fluctuations lend to affect the continental shelf area more that upstream areas of the fluvial system. 
Global sea-level has fallen since the Early Pliocene (Haq ei al, 1987; 1988) and throughout the 
Pleistocene, sea-levels have shown rapid fluctuations related to glacial and interglacial periods. It is 
possible that the overall reduction in global sea-level may have stimulated some incision of the 
Pleistocene fluvial systems within the Vera Basin, although the extent to which tectonics may have 
stimulated this incision must also be considered. In light of the research by Leopold & Bull (1979) 
and Koss et al., (1994) it is unlikely that the overall dissection o f the Vera Basin is related to sca-
level changes. 
Hi) Tectonics 
Tectonics can affect the development of the fluvial system either actively or passively (Mather, 
1993a). Active tectonics are contemporaneous with the development of the fluvial system, whilst 
passive tectonics relate to tectonic activity that was active prior to the development of the fluvial 
system and quiescent during development (Mather, 1993a). During active tectonics the response of 
the fluvial system will depend upon the balance between the magnitude and frequency of the tectonic 
event, the available stream power and sediment supply. 
Active Tectonics 
Chapter 4 established that the Vera Basin underwent a significant phase of N-S compression during 
the late Pliocene and early Pleistocene. The deformation was expressed by E-W extension and 
differential uplift focused upon the northern and western basin margins. The primary drainage 
network responded to the deformation by abandonment and incision into the alluvial fan sediments of 
die Sahneron Formation (Chapter 5), leading to the development of a new secondary consequent 
drainage neuvork during the Pleistocene (Chapter 6). Sediment supplies were re-routed along the 
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western basin margins where the ancestral Rio Antas developed as a broad braidplain. Along the 
northem basin margins, uplift of the Sierra Almagra and alluvial fans of the Cuevas System 
(Salmeron Formation) lead to incision and the establishment of a series of mountain front streams 
which developed onto the former shelf area of the Pliocene Sea. Following the late Pliocene-early 
Pleistocene phase of deformation, tectonic activity continued but at considerably reduced levels. 
Differential uplift, particularly along the basin margins, continued throughout the mid and late 
Pleistocene. This uplift relates to the ongoing regional epeirogenic uplift resulting from >3-S 
compression due to interaction between the Iberian and African plates and the isostatic response 
from nappe emplacement (Weijermars et al., 1995). Dissection by the Pleistocene drainage network 
due to ongoing uplift suggests that the balance between active tectonics, stream power and sediment 
supply was biased towards tectonics. Despite fluctuating sediment supplies due to climatic 
fluctuations during the Pleistocene glacial and interglacial periods, uplift of the basin would have 
increased stream power and therefore induced dissection. 
Probably the most clear evidence for ongoing uplift of the northem basin margin during the Plio-
Pleistocene is highlighted by the establishment of the Rio Almanzora as a major transverse drainage 
crossing the axis of the Sierra Almagra. Major transverse drainages are commonly identified within 
mountain belts and t>T>icaUy evolve by headward extension across the mountain range during the 
early periods of uplift and generation of relief (Oberlander, 1985). This appears to be the case for the 
Rio Almanzora whose origins can be traced back to the final marine phases during the Pliocene 
(Chapter 3). 
Passive Tectonics 
Passive tectonics has not directly affected the development of the Pleistocene drainage network 
within central and northem regions of the Vera Basin (Rios Antas and Almanzora). Only the Rio 
Aguas in the south of the Vera Basin, has passive tectonics partly controlled drainage development. 
Although active tectonics were the main control for its development, pre-existing Tortonian and 
Messinian structures including E-W orientated regional strike of rocks and similarly orientated basin 
margin fault systems were exploited by the Rio Aguas as the Sorbas Basin was uplifted in relation to 
Vera during the Pliocene. The Rio Aguas developed as a strike parallel drainage by aggressive 
westwards headcutting and capture of southwards flowing streams across the Sierra Alhamilla-
Cabrera axis (see Harvey & Wells, 1987; Mather, 1991; Mather & Harvey, 1995). 
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6.6.3 Autocyclic Factors 
i) Topography 
The topography of the former Pliocene Sea shelf (Cuevas Formation) and Late Pliocene alluvial fans 
within the Vera Basin were important in establishing the initial Pleistocene drainage patterns within 
the Vera Basin. The first phases of Pleistocene drainage development within the north of the basin 
were superimposed onto the low gradient shelf of the Pliocene Sea. Along the western basin margins, 
the Rio Antas and its tributary system developed over the former topographic surface of the Jauro 
and Salmeron Systems (Salmeron Formation). In particular, the Northwestern tributary system 
appears to have exploited the former topographic low between the alluvial fans of the Cuevas and 
Jauro Systems that was previously utilised by the Salmeron drainage during Salmeron Formation 
times. Topography does appear to be important in controlling where drainage systems develop but 
cannot account for the overall dissection of the basin by the Pleistocene drainage network. 
ii) Sediment Supply 
Sediment supply may result in aggradation or dissection of the drainage system, usually reflecting 
the long-term response of the fluvial system to either tectonic or climatic controls. For example, a 
long term increase in the amount of runoff would increase water; sediment ratios through a reduction 
in sediment supply eventually leading to incision. Rates of sediment supply are governed by 
lithological controls, the amount of effective runoff generation and tectonic or climatic rejuvenation 
of the source area (Mather & Harvey, 1995). In contrast, a reduction of sediment supply may reflect 
a decrease in effective runoff by means of source area exhaustion by capture (e.g. Mather, 1993a), 
reduced uplift rates or by climatic change (Mather & Harvey, 1995). 
Clearly the Pleistocene drainage network within the Vera Basin has been marked by periods of 
aggradation and dissection, with an overall trend towards dissection suggesting that sediment supply 
during the Pleistocene may have been reduced. Because dissection of the Pleistocene fluvial system is 
a long term trend it is most likely that tectonics or climate have governed the changes in sediment 
supply. 
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6.7 E V O L U T I O N O F T H E P L E I S T O C E N E D R A I N A G E S Y S T E M S : A 
SYNTHESIS 
The abandonment of the primary consequent drainage network of the Salmeron Formation and 
establishment of a secondary consequent network throughout the Pleistocene was clearly related to 
active tectonics. Evidence from the westem basin margin highlights the sedimentary response to the 
early Pleistocene deformation described in Chapter 4. The newly formed secondary consequent 
drainage network exploited the positioning of the former primary network and incised into more or 
less the same positions as the Jauro, Salmeron and Cuevas systems once occupied. 
A switch in depositional style occurred from alluvial fan to braided river as the secondary network 
was superimposed. This change may relate to the fact that incision had occurred as a response to the 
tectonics which resulted in the sediment transfer zones from mountain to basin becoming relatively 
confined within a series of channels. During the early stages of superimposition the existing 
topography had some control on where the new drainage systems were developed. Terrace Level A 
of the Rio Antas shows the development of a large braidplain over an area of several kilometres wide 
onto the former low gradient distal areas of the Jauro System alluvial fans. Within distal areas, the 
basin centre fan-delta bodies of the Espiritu Santo Formation acted as a barrier to the Rio Antas 
drainage which was routed through a topographic low between the two fan-delta bodies. The 
Northwestem Tributary System also reflects a topographic control during its development by 
exploiting a topographic low which existed within distal areas of the Cuevas and Jauro drainage 
systems. A similar route was utilised by the earlier Salmeron System drainage (Chapter 5: Section 
5.4.2). 
Following the initial superimposition of the secondary consequent network during the early 
Pleistocene fijrther dissection took place throughout all of the drainage systems. Sediment supply 
was partly influenced by fluctuating climatic conditions relating to glacial and interglacial periods 
throughout the Pleistocene (Amor & Florschutz, 1964). However, climatic fluctuations do not 
appear to explain fiilly the dissectional sequences observed within the drainage network. Although 
tectonic activity was reduced during the mid-late Pleistocene, the region was still undergoing 
epeirogenic uplift as a response to regional compression and isostatic equilibrium following nappe 
emplacement (Weijermars et a/., 1985). It is this progressive regional uplift that is considered to be 
the major control upon the ongoing dissection of the Pleistocene drainage network. Climatic and 
other controls are superimposed onto the tectonic signature. 
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Chapter 7 
Pleistocene Shoreline Sequences 
7.1 I N T R O D U C T I O N 
This chapter examines the development of Pleistocene coastal areas along the eastern margin of the 
Vera Basin. These shoreline sequences were contemporaneous with the development of the 
Pleistocene fluvial sequences that evolved inland and therefore may yield important information that 
will aid the reconstruction of the drainage network within its distal most areas. 
Firstly, a review of the distribution, stratigraphy and key depositional environments for Pleistocene 
shorelines within the western Mediterranean is presented as a regional context for the development of 
shorelines within the Vera Basin. Pleistocene shoreline sequences within the Vera Basin are then 
examined in detail, involving; 
a) Identifying the spatial distribution of shoreline sequences; 
b) Establishing/confirming a stratigraphy for the shoreline sequences; 
c) Identifying the key depositional environments by facies analysis; 
d) Examination of any linkages that occur between the shoreline sequences and the distal parts of 
the drainage systems. 
7.2 P L E I S T O C E N E S H O R E L I N E S E Q U E N C E S : A R E G I O N A L C O N T E X T 
7.2.1 Early research 
Within the western Mediterranean region Pleistocene shoreline sequences have been the focus of 
numerous studies, both regional and basin specific, for over a century. Early research identified a 
series of well cemented beach and associated coastal deposits that were elevated up to one hundred 
metres above modem sea-level preserved along much of the coastlines of SE Spain, North Africa 
and the Balearic islands (Hey, 1978). It was concluded from these eariy studies that five Pleistocene 
shorelines were present throughout most of the western Mediterranean, whereby altitudes of these 
shorelines could be consistently grouped within the following limits: 7-8m, 18-20m, 28-30m, 55-60m 
and 90-100m (Deperet, 1918). Each of these shorelines was thought to have corresponded to the 
maximum of a marine transgression and therefore represented a series of sea-level oscillations that 
occurred throughout the Pleistocene (Hey, 1978), associated with an overall lowering of global sea-
level (Fairbridge, 1972; Haq et al., 1987, 1988). Later studies within tectonically stable areas of the 
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western Mediterranean identified more thcin five Pleistocene shorelines (e.g. Zeuner, 1959) many of 
which were at different levels to those originally quoted by the earher studies. This highhghted the 
fact that Pleistocene shorehne sequences within the western Mediterranean were complex and their 
formation and preservation were dependant upon many factors that were not solely related to eustatic 
changes, including regional and local tectonics, climate and sediment supply. 
An Italian stratigraphic nomenclature was adopted for most of the Pleistocene shoreline sequences 
within the Mediterranean region. A comparison of this Pleistocene Italian stratigraphic nomenclature 
\vith other European nomenclatures is presented within Figure 7.1. The terminology was derived 
from the early works of Doderlein (1872) and Issel (1914) on the islands of Sicily and Sardinia 
(respectively): 
Monastirian 15m youngest 
Tyrrhenian 30m 
Milazzian 60m 
Sicilian 100m 
Calabrian I00m+ oldest 
The use of the term Tyrrhenian is of particular significance for shoreline sequences within the 
Mediterranean region. Issel (1914) used this term for shorelines that contained the molluscan fauna 
of Strombus bubonius. In modem environments Strombus bubonius is only found ofiF the coast of 
Senegal in West Africa and together with other molluscan faunas forms a warm Senegalese, or 
thermophile fauna, confined only to this equatorial latitude. Occurrence of Strombus bubonius 
within the Mediterranean region is therefore of climatic significance suggesting that the climate at 
some point during the Pleistocene was warm enough to support this warm fauna. 
7.2.2 Recent research 
Since the 1960's a large amount of research has been undertaken on Pleistocene shorelines within the 
Mediterranean region. Much of this work was focused on the western Mediterranean region, in 
particular sequences exposed along the Iberian peninsular (e.g. Overejo & Zazo, 1971) and Balearic 
islands (Butzer & Cuerda, 1962; Butzer, 1975). Many of these studies, and in particular, more 
recent research by Zazo et al., (1993), have attempted to reconstruct sea-level change within the 
Mediterranean over the Pleistocene period. These studies placed emphasis upon the last interglacial 
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Figure 7.2 - Principal site locations for Pleistocene shoreline sequences examined 
within this study. 
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and glacial periods which are characterised by the most complete shoreline sequences. Notable 
examples of this research includes Butzer & Cuerda (1962) who undertook an exceptionally detailed 
study on the tectonically quiescent Balearic island of Majorca where a complex series o f shoreline 
deposits attributed to three glacio-eustatic regressional intervals o f Tyrrhenian age. 
Despite tectonic disturbances of many Pleistocene shoreline sequences within the Mediterranean 
region, it was still generally agreed that the different shoreline levels corresponded to eustatic still-
stands throughout the Pleistocene. Hey (1978) summarised the regional spatial and temporal 
distribution of shoreline sequences within the whole Mediterranean region, identifying shorelines that 
could be traced for several tens of kilometres within both tectonically active and quiescent regions, 
supporting the concept that eustacy was the principal control on shoreline development. 
Significant stratigraphic advances were made by the application of Uranium-Thorium dating to 
Mediterranean shoreline sequences by Steams and Thurbcr (1965). Dating of various moMuscan 
faunas from sequences in Spain, Morocco, Majorca, Algeria, Tunisia and Italy revealed three age 
groups that the shoreline sequences fell into: >200 000 Ka, 115-140 000 Ka and 75-95 000 Ka. 
These dates provided the first chronological framework for shoreline sequences within the 
Mediterranean. Further Uranium scries dating by Goy et at. (1986), Hillaire-Marcel et al. (1986) 
and by amino acid racemisation of molluscs by Bruckner (1986), Hearty (1986), Hearty et al. 
(1986). Hearty (1987) and Hearty et ai (1987) refined the chronostratigraphy for the western 
Mediterranean region. These studies consistently identify four Tyrrhenian ages within the limits of 
Uranium series dating: 
Tyrrhenian IV ?75 000 Ka 
Tyrrhenian I I I 95 000 Ka 
Tyrrhenian I I 128 000 Ka 
Tyrrhenian I 180 000 Ka 
Pre-Tyrrhenian >200 000 Ka 
It is generally agreed that these Tyrrhenian dates correspond to minor sea-level oscillations 
encompassing the last interglacial and glacial periods (Goy et al., 1986, Hillaire-Marcel et al., 
1986). 
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7.3 P L E I S T O C E N E S H O R E L I N E S E Q U E N C E S O F TBDE V E R A B A S I N 
7.3.1 Introduction 
Pleistocene shoreline sequences are exposed along most o f the modem day coastline with the 
Mediterranean Sea along the eastern margin of the Vera Basin. These sequences have been discussed 
as part of numerous regional studies within the Western Mediterranean. For example. Steams and 
Thurber (1965) used mollusc samples from near Mojacar town (Rambla Alfaiz: GR.025066) for 
Uranium series dating, whilst similarly, Goy et al. (1986) also used mollusc samples from near 
Mojacar (Punta del Cantal: c.GR.030020) for Uranium series dating. More detailed sedimentological 
and stratigraphical studies were included within studies by Volk (1979), Goy & Zazo (1982), 
Harvey (1987) and Bull (1988). A summar>' of the main research into Pleistocene shoreline 
sequences within the Vera Basin is as follows: 
• V6lk (1979) mapped and described Pleistocene "strandlines" using the terminology of Bonifay 
and Mars (1959): Millazium, Palaeot>'rrhenian, Eutyrrhenian, Neotyrrhcnian. The study formed 
part of an examination of the Quaternary relief of the Vera Basin. 
• Goy & Zazo (1982) - mapped and surveyed the Pleistocene shoreline sequences within the 
Mojacar-Garrucha region as part of a regional examination of shoreline sequences in the 
Almeria region. Seven shoreline sequences were identified, five pre-Tyrrhenian sequences with a 
staircase arrangement and two superimposed Tyrrhenian sequences. 
• Goy & Zazo (1986) - examined the Pleistocene shoreline sequences in the Mojacar-Garmcha 
region and the affect of Neotectonics on them as part of a regional study in the Almeria 
province. 
• Harvey (1987) - identified three superimposed Tyrrhenian beach deposits overiain by an 
aeolianite of Wiirm age which grades locally up into a slope colluvium with a red soil developed 
into it. This locality near to Macenas, south of Mojacar, was used to represent the marine part of 
a regional study of the geomorphological development of the Almeria region, SE Spain. 
• Bull (1988) - surveyed Pleistocene shoreline sequences in the Mojacar-Garrucha region as part 
of a local study into the geomorphology and soils of the Vera Basin. The first survey in the 
region of the Pueblo Indalo apartments (c.GR.034087) identified nine beach levels and wave cut 
notches at up to +60m above sea-level. The second survey in the Garrucha-Moro Manco region 
identified six beach levels and wave cut notches at up to + 120m above sea-level. 
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7.3.2 Examination of Pleistocene shorelines within this study 
In light of the extensive research undertaken on the Pleistocene shoreline sequences within the Vera 
Basin and the western Mediterranean region, it is clear that a well established lithostratigraphic and 
chronostratigraphic framework is present. Using this stratigraphy and elements of the previous 
studies undertaken within the Vera Basin, this study uses a series of exposures obtained from two 
key regions in order to examine the Pleistocene shorelines (Figure 7.2 and 7.3). 
1. Macenas (GR.023034 -> GR.023043) 
2. Gamicha Region (GR.044152 -> GR.051174) 
The spatial distribution of these Pleistocene shorelines are depicted within Figure 7.3. 
7,4 M A C E N A S (GR.023034 GR.023043) 
7.4,1 Introduction 
Pleistocene shoreline sequences at Macenas are exposed along a 600m section, northwards from the 
Moorish tower at GR.023034, up to Rambla Macenas at GR.023043 (Figures 7.2 & 7.3). An 
overview of the section is presented with Figure 7.4A. The localit>' is tectonically significant due to 
the interaction of the Palomares and Carboneras faults, t\vo of the major strike-slip faults within 
southeast Spain. Pleistocene shoreline exposures at this locality are excellent, providing the most 
complete sequence of Tyrrhenian age beach and associated deposits within the Vera Basin. For the 
purpose of this study, the shoreline sequences at Macenas are used as a type section, representing the 
typical Tyrrhenian and younger sequence of marine events for the rest of the Vera Basin. However, 
unlike the other localities there appears to be no pre-Tyrrhenian shoreline sequences preserved at this 
locality. 
The Macenas shoreline sequences are located on the eastern end of the Sierra Cabrera which have 
provided the basement topographic relief onto which the coastal deposits have developed. 
Stratigraphically, the basement corresponds to the Nevado-Filabride Complex and comprises a lower 
sequence of graphite mica-schists and an upper sequence of dolomites. Outcrops o f Eocene (?) 
Nummilitic limestone (A. Mather pers. comm., 1996) and Oligo-Miocene alluvial fan deposits are 
exposed at the southern most end of Macenas, probably related to fault blocks incorporated into the 
Palomares and Carboneras strike-slip faults during movement throughout the Tertiary. 
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Figure 7.3 - Spatial distribution of Pleistocene shoreline sequences within the Vera 
Basin. A: Mojacar / Macenas B: Garrucha (adapted from Vera & Garrucha 1:25 000 
military topographic maps) 
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7.4.2 Sedimentology 
The principal facies of the shoreline sequences at Macenas are described below in ascending 
stratigraphic order. A summary diagram based on Harvey (1987) (Figure 7.4B) depicts the 
stratigraphic relationships between each facies. The typical sequence comprises rounded pebble 
conglomerates developed unconformably onto metamorphic basement, overlain by cross-bedded 
sands, angular matrix supported gravel conglomerates and a red soil. The key facies are outlined 
below. 
a) Rounded pebble conglomerate facies 
The rounded pebble conglomerates dominate the lower and mid parts of the Macenas section. Up to 
5m in thickness, the conglomerates are well bedded, commonly on a cm scale, with all beds dipping 
gently seawards (Figure 7.5A). Moderate to well sorted, the conglomerate is composed of well 
rounded pebble and gravel clasts that are supported within a medium to coarse sand. Rare, large 
blocks of conglomerate dipping more steeply than the bedding, up to Im high and several metres 
wide can sometimes be identified in transverse sections through the conglomerate (Figure 7.4B). 
Clasts are dominated by quartz and carbonate lithologies with subordinate amounts of mica-schist, 
tourmaline gneiss and amphibolite. Rare, larger clasts of carbonate often display evidence of boring 
by sponges and Lithophaga bivalves (Figure 7.SB). The conglomerates commonly contain a low 
diversity marine fauna of relatively common Glycimeris bivalves (Figure 7.5C) and rare gastropods 
of Strombus bubonius (Figure 7.5 D). Glycimeris is disarticulated and commonly occurs in shell 
concentrations orientated parallel to bedding (Figure 7.5C). Generally the conglomerate is 
exceptionally well cemented. In thin section, the beach conglomerates reveal well rounded detrital 
grains of polycr>'Stalline quartz, lithic fragments, together \%ith minor amounts of meta-carbonate 
and mica-schist (Figure 7.6E). The detrital grains are cemented by an isopachous calcite fringing 
cement. 
The conglomerate represents deposition within a beachface environment similar to that described by 
Bluck (1967), Clifton (1973) Bourgeois & Leithold, (1984), Nemec & Steel (1984). The 
characteristic well bedded framework is derived from clast segregation and preferential size and 
shape sorting by high energy wave action (Bluck, 1967). Steeply dipping blocks of conglomerate 
preserved within the section probably represent the remains of collapsed beach block structures 
formed by wave action undercutting beach material, eventually leading to collapse. Similar 
stmctures can be commonly observed along the modem coastline of the Vera Basin where 
Tyrrhenian raised beaches have undergone wave erosion and have collapsed (Figure 7.6B). The 
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Figure 7.4 - A: Overview of the Macenas 
section looking northwards towards Mojacar 
Playa from Macenas tower (GR.023234). The 
Tyrhennian raised beaches considered within 
this study are arrowed. B: Cross-section 
through the Macenas beach section. Three 
supenmposed Tyrhennian beach sequences are 
overiain by dune sands and weathered slope 
material. Pleistocene sediments bury the 
Palomares fault zone. (Diagram modified from 
Harvey. 1987). C: Logged section through the 
beach sequences, taken from the southem 
most exposure of the Macenas section. This 
Tyrhennian sequence demonstrates an overall 
fining upwards succession corresponding to an 
overall reduction in sea-level. 
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Figure 7.5 - A: Section through the Macenas Tyrrhenian beach sequence The 
beach sediments are thinly bedded and dip gently seawards (easterly) Rucksack 
height = 0 45m B: Well rounded meta-carbonate clast which has been t>ored by 
bivalves (Lithophaaa) and sponges Pencil length = 14cm C: Typical 
concentration of Glycimeris bivalves within the Macenas beach sediments Pencil 
length = 14cm. D: Rare gastropod shell (arrowed) within the Macenas Tyrrhenian 
beach sediments, pwssibly a small Strombus bubonius Pencil length = 14cm E : 
Thin section of the Macenas beach sediment in cross-polarised light showing 
rounded detrital grains of quartz of lithic fragments surrounded by micritic and 
fringing cement of calcite. The cementation is typical of beach sediments within a 
meteoric, nearshore environment (Wright & Tucker. 1991). 
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calcite cement of the conglomerate is typical of a beachrock which has undergone cementation within 
a nearshore meteoric zone (Tucker & Wright, 1991). 
Transverse exposures through the basal part of the section at the southem end of the Macenas 
section shows that the conglomerates form an overall fining upwards sequence which comprises 
three separate conglomerate units, separated by clear discontinuities, each of which may correspond 
to a separate phase of beach sedimentation (Figure 7.4C). The lower beach unit overlies a black 
brecciated carbonate and is characterised by a weakly bedded boulder conglomerate unit up to 0.7m 
thick. The second beach unit is composed of a gravel and pebble conglomerate up to Im thick which 
is overlain by the third beach unit which is characterised by coarse sand and gravel conglomerates. 
Both of these units contain collapsed cantilever stmctures. Beach deposits appear to have wrapped 
around an existing topography formed by the metamorphic basement which comprises the Sierra 
Cabrera suggesting that the geomorphology of the ancient coastline was one characterised by a series 
of small coves, similar to that seen today. 
b) Weakly cross-bedded medium to coarse sands 
Overlying the rounded pebble conglomerates within the mid part of the Macenas sections are up to 
2.5m of weakly cross-bedded medium to coarse sands (7.6A). Poor to moderately sorted, the sands 
arc weakly cemented and display common, vertically orientated tubular structures (maximum 20cm 
long, 2cm wide). Cross-beds are infrequent, and where present, form small, low angle planar cross 
sets. Within the basal part of the sands, rare fragmented and whole examples o f Glycimeris bivalve 
shells are present, whilst throughout the rest of the section, very rare, poorly preserved terrestrial 
gastropods (species unknown) are observed. 
The sands correspond to deposition within a backbeach / dune environment in an area landwards of 
the main beachface conglomerate zone. Poorly developed low angle planar cross-beds within the 
sands indicates a possible uind blown origin. A mixture o f isolated marine bivalves and terrestrial 
gastropods throughout the sand facies provides ftirther evidence to support the suggestion that the 
sand was deposited in a transitional area between marine and terrestrial environments. The vertically 
orientated tubular stmctures represent former root stmctures which have been cemented by 
carbonate, their hollow stmcture and weak cementation are typical features o f rhizoliths similar to 
those described by Klappa (1980) and Esteban & Klappa (1983) within many Spanish Pleistocene 
coastal dune sequences. 
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B 
Figure 7.6 - A: Dune sands (b) conformably overlying Tyrrhenian beach sediments (a) at 
the Macenas section. Notebook height = 20cm. B: Exposure of Tyrrhenian beach 
sediments south of Garrucha town showing a series of collapsed cantilever beach blocks 
which have been undercut by wave action. These are an analogy for the blocks of beach 
material preserved within the Tyrrhenian beach sediments at Macenas. Car for scale 
(anowed). C: Gully exposure at the southern end of the Macenas section. Poorly sorted 
slope colluvium and red soil of Wumi age which bury the Palomares fault zone (brightly 
cotoured schists due to weathering of the fault zone). 
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c) Angular gravel-cobble conglomerate fades 
This angular gravel-cobble conglomerate overlies the sand facies, forming a unit up to 3m thick that 
can be traced landwards for several tens of metres, exposed within modem day gullies (Figure 7.6C). 
The conglomerate overlies mica-schist basement, burying a brightly coloured, weathered zone 
corresponding to the Palomares feult zone (Figure 7.6C). Basal parts of this unit are locally 
intermixed with the underlying aeolian sands (Harvey, 1987) but are generally unconformable. 
Poorly sorted, the conglomerate is massive to weakly bedded and comprises angular to sub-angular 
clasts of locally derived mica-schists supported within a silt and fine sand matrix. Within the 
uppermost part of the section the conglomerates are characterised by a red colouration (SYR 4/6: 
reddish brown) and weakly developed carbonate crust. 
The conglomerate probably represents deposition by mass flow processes, with sediment derived 
locally from metamorphic mica-schists. Harvey (1987) describes the facies as a mixture of alluvial 
fan debris flows and weathered slope colluvium. The red colouration and carbonate cnist developed 
into the upper surface of the conglomerates represent pedogenic modification and soil formation by 
prolonged periods of subaerial exposure. 
Section Interpretation 
The Macenas section represents a t>'pical Pleistocene shoreline sequence within the Vera Basin. 
Initial formation was marked by the formation of a wave cut platform into the metamorphic 
basement. Beachface conglomerates were deposited onto the newly cut platform by high energy wave 
action. Minor sea-level oscillations along the shoreline resulted in newly deposited beachface 
conglomerates being undercut by wave action during relative lowstands and collapsing to form 
cantilever structures. Subsequent relative highstands of sea-level buried the former beach level and 
deposited a new one. This process resulted in the preservation and superimposition of beachface 
conglomerates within the Macenas region. TTie presence of Strombus bubonius gastropods within the 
beachface conglomerates confirms a Tyrrhenian age for these superimposed beach levels. Fining 
upwards of the beach face conglomerates and gradation into an aeolianite and colluvium suggests an 
overall regressional sequence. A lowering of sea-Ievel after the Tyrrhenian resulted in a seaward 
progradation of the shoreline. Shelf sands or extensive foreshore sands exposed by the fall in sea-
level were blown landwards to produce the dune sands. These were ultimately buried by a series of 
small debris flow dominated alluvial fans which previously would have been reworked within the 
marine environment. Similar regressional sequences of Tyrrhenian beach deposits overlain by 
aeolianites have been identified on the Balearic island of Majorca by Butzer and Cuerda (1962) and 
Butzer (1964). These studies assigned a post Tyrrhenian, Wiirm age for the aeolianite. 
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7.4.4 Discussion 
The Maccnas section shows clear evidence for a multi-phase Tyrrhenian beach complex followed by 
a regressional sequence and establishment of frilly continental conditions. In comparison to other 
localities within the Vera Basin it is unusual that the superimposed Tyrrhenian sequence is the only 
one present at this locality. This suggests that either no older Pleistocene shoreline sequences were 
ever present or i f they were, they have subsequently been eroded away. In this case the latter seems 
more likely. Movement by the Palomares fault zone and interaction with the Carboneras fault zone 
makes this area highly susceptible to erosion which is cleariy evident within the mgged modem day 
coastline which is clearly highly erosive. However, the preservation of the Tyrrhenian beach 
sequences at this locality may reflect the absence of any major rivers which would rework the beach 
sediments. 
7,5 M O J A C A R P L A Y A (GR-025267 ^ GR.047127) 
Northwards of the Macenas section. Pleistocene shoreline sequences are very abundant along a 
stretch of coastline termed Mojacar Playa. Sequences are exposed from Rambla Alfaiz in the south 
(GR.025267), 7km northwards to the Rio Aguas (GR.047I27) (Figure 7.3A). These sequences were 
briefly considered by Goy & Zazo (1982) who identified seven shoreline sequences: five pre-
T>Trhenian sequences with a staircase arrangement and two superimposed Tyrrhenian sequences 
(Figure 1.1 A). Mojacar Playa differs from the Macenas section in that more Pleistocene shorelines 
have been preserved over a low gradient, 1.5km wide, coastal plain area. Field mapping and 
observations have shown that exposures to the south of the Pueblo Indalo apartments provide the 
most complete sequences. An east-west transect at this location is used to present the main 
stratigraphical and sedimentological components for the whole of Mojacar Playa (Figure 1.1 A). This 
transect corresponds to the Punta del Cantal area studied by Goy & Zazo (1982) and the Mojacar 
flight examined by Bull (1988). 
Facies analysis o f the different levels along the Mojacar Playa transect (Figure 7.7A) identifies 
sediments similar to those identified at Macenas (Section 7.4), including rounded pebble-boulder 
conglomerates (beach sediments), angular gravel-cobble conglomerates (slope colluvium), cross-
bedded sands (dune sands/aeolionites) and a red soil (Figure 7.7B-D). A key difference between the 
Macenas section and the Mojacar Playa section is the presence of large pedimented surfaces (Figure 
7.3A). The main pedimented surfaces are characterised by extensive calcrete (Stagelll/TV) and red 
soil (5YR 4/8 - reddish brown) development into their upper surface (Figure 7.7C,D) and are 
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Figure 7.7 - A: Schematic cross-section through the Mojacar Playa region (re-drawn from Gov & Zazo. 1982). 
Seven shoreline levels can be identified cut into mrca-schist basement of the Sierra Cabrera. B: Beach 
congtomerate at 15m above sea-level south of the Pueblo Indato apartments (GR.034087). Poorty sorted 
cobbles and bouWers of meta-cartxx^ate basement form a basal beach conglomerate a) that are overlain by the 
more typical beach facies of rounded gravel-pebble conglomerates (b). Noteb>ook height = 20cm. C: Poorly 
sorted, angular pebble-cobble conglomerate typical of cemented slope material overtying metamorphic 
basement (mica-schists) at 42m above sea-level. D: Tyrmenian beach conglomerates, slope colluvium and a 
red soil (Wurm age) overiying metamprphic basement exposed in a construction pit north of Mojacar Camping 
next to the main Playa road (GR.038000). 
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developed over the superimposed Tyrrhenian beach sediments in distal areas near to the modem 
shoreline. These stratigraphic relationships and relative age indicators from soil development suggest 
a late Tyrrhenian or Wiirm age. Older remnants of pedimented surfaces are also observed within the 
higher beach levels (Figure 7.7A). 
7.6 T H E G A R R U C H A R E G I O N (GR.044152 GR.051174) 
7.6.1 Introduction 
Pleistocene sequences within the Garrucha region are significant in that they show evidence for 
interaction of some of the main drainage systems of the Vera Basin with the former shorelines. In the 
southem part of the Garrucha region, at a locality called Moro Manco next to where the modem Rio 
Aguas reaches the sea (Figure 7.3A), Bull (1988) identified a complete sequence o f Pleistocene 
shorelines similar to those described at the Mojacar Playa section. Within their lower reaches, these 
shoreline sequences are notably absent of aeolianite and a significant thickness o f colluvium, 
although an extensive pedimented surface veneered by a red soil (SYR 4/8 - reddish brown) is 
evident. In this case the shoreline sequences have been formed against the significant topographic 
relief formed by a faulted basement inlier of meta-carbonate. Unfortunately evidence for most of 
these sequences have recently been destroyed (1996) by construction of a hotel / casino development. 
Northwards, at the towTi of Garrucha itself (Figure 7.3B), Pleistocene shoreline sequences have 
developed against a series of small faulted basement inliers which occur as pop-up stmctures, 
formed by strike-slip movement of the Palomares fault zone. The shorelines are expressed as a 
pronounced N-S orientated block at up to +30m altitude, possibly faulted, onto which the town of 
Garmcha has been constructed. A series of E-W orientated road cuts through this block provide 
excellent parallel and transverse sections through the Pleistocene shoreline sequences. Two principal 
east-west orientated road cuts are used to portray the main stratigraphical and sedimentological 
characteristics (Localities 3a &. 3c: Figure 7.3B). Lateral variations of these sequences are 
considered within a quarry and an abandoned road section. 
a) Southem road section (GR.044152) South 
b) Garrucha quarry (GR.042148) 
c) Marina road section (GR.047164) 
d) Northem Garrucha (GR.OS 1174) North 
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7.6.2 Southern Road Section (GR.044152) 
The southem road section is exposed along one of the main routes into Garmcha town, leading o f f 
the AL152 from the town of Turre 8km away (Figure 7.3B). Shoreline sequences at this section 
display highly complex stratigraphic relationships encompassing a wide range of depositional 
environments. For the purpose of this study, the south side o f the road section is used for the main 
descriptions and an overview is presented by means of a field sketch (Figure 7.8) and complimentary 
field shots (Figure 7.9). 
Sedimentology 
The main sedimentary units of the southem road section are described and interpreted below using a 
series of key facies that relate to the main field sketch (Figure 7.8). Facics are described in ascending 
stratigraphic order, with each facies also corresponding to a series of stratigraphic units that are used 
for reconstmction of the section. 
a) Yellow fine sands and gravels 
The yellow fine sand facies forms the lowermost stratigraphic unit within the Southem Road Section 
forming a 3.5m thick unit (Figure 7.8). Moderate to well sorted, the sands are characterised by a 
well defined bedding which dips 20° eastwards (Figure 7.9A,B). Extensive carbonate development is 
present throughout the sands, occurring as small centimetre scale nodular and sub-horizontal 
tubular fomis. The sands contain common remains of disarticulated thin shelled oysters and rare 
pectenids (Chlamys). Micropalaeontological evidence from these sands show a dominance of benthic 
foraminifera typical of an Ammonia beccarii association. In lower parts o f the unit, the fine sands 
are interbedded with rare, poorly sorted, gravelly sand beds up to 15cm thick (Figure 7.9A,B). These 
beds commonly fine upwards and are defined by undulose erosive bases. At the eastem most end of 
the unit, the sand beds become highly contorted in a Im wide deformed zone, which is orientated 
approximately N-S and dips 45® eastwards (Figure 7.9C). 
The presence of oyster and pectenid shells within the yellow sand suggests a marine origin. The fine 
grain size probably correspond to deposition within a low energy marine environment, possibly some 
distance offshore in several metres depth of water. Foraminiferal evidence supports a nearshore 
environment, whereby modem Ammonia beccarii associations are typically found in coastal 
Mediterranean areas associated a muddy sand substrate (Murray, 1991). Deformation of the yellow 
sands at the eastem end of the unit reflect dewatering of the sediment. In this case dewatering has 
occurred by loading and pressure exerted from the overlying shoreline sands and conglomerates o f 
Unit b) which are described in the follovsing section. The contact between the 
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Figure 7.8 - Field sketch and complimentary schematic stratigraphic unit 
diagram of the Garrucha Southern Road Section. 
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F i g u r e 7.9 - A : Thinly b e d d e d (cm s c a l e ) , 
yel low co loured fine s a n d s of Unit a) e x p o s e d 
at the wes te rn e n d of the G a r r u c h a Southern 
R o a d Sec t ion ( G R . 0 4 4 1 5 2 ) . B e d s dip 20' 
e a s t w a r d s . Notetxx)k height = 2 0 c m . B : Detail 
of the fine yel low s a n d s from the lower part of 
Unit a). B a s a l parts of Unit a) are 
c h a r a c t e r i s e d by poorty sorted gravelly s a n d s 
(black arrow) in terbedded with the yel low 
s a n d s . C a r b o n a t e nodu les pick out the 
b e d d i n g p l a n e s within the yellow coloured fine 
s a n d s . T h e nodules m a y cor respond to 
bioturbation of the s a n d s . L e n s c a p width = 
5 . 2 c m . C : Overv iew of the main deformed 
z o n e (Unit b) within the G a r r u c h a S o u t h e m 
R o a d Sec t ion . T h e deformation re lates to a 
rotaional sl ide of b e d d e d b e a c h material , with 
the contorted yellow s a n d beds correspcinding 
to the s l ip -p lane. D: C r o s s - b e d d e d rounded 
pebble c o n g l o m e r a t e s from a construction pit, 
approximately 5 0 m nor theast of the main 
road sect ion (eauivatent to Unit c ) . T h e 
c o n g l o m e r a t e s form steepfy dipping deltaic 
foresets whict> prograde e a s t w a r d s . P e r s o n ' s 
height = 1.63m. E : C h a o t i c bouWer 
conglomerate (Unit di c o m p o s e d of reworked 
t>each b locks , poss ib ly from a co l lapsed diff 
sect ion Y o u n g e r b e a c h material bur ies the 
former c o l l p a s e a r e a (Unit e). Notebook height 
= 2 0 c m . 
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yellow sands and the shoreline sediments of Unit b) is significant for interpretation o f this part o f the 
section. On the northern side of the road the same dipping yellow sands can be identified but in this 
case the contact between the marine sands of Unit a) and shoreline sediments o f Unit b) is much 
sharper, lacking the contorted beds previously described. 
b) Interbedded marls, sands and conglomerates 
Intcrbedded marls, sands and conglomerates occur within two distinct parts o f Unit b) within the 
southern road section. The first part stratigraphically overlies the previously described yellow sands, 
where interbedded sands and conglomerates dip steeply westwards at up to 45°, forming a poorly 
exposed discordant contact with the deformed part of the yellow sands (Figure 7.9C). Well 
cemented, the sands and conglomerates form bedded units up to 20cm thick. Some of the upper 
surfaces of the beds, where exposed, are covered by a thin continuous carbonate crust (Figure 7.9C). 
Conglomerates form the dominant lithology, characterised by well rounded clasts of pebbles and 
gravel which are well sorted and clast supported. Glycimeris bivalves are present throughout the 
sands and conglomerates. The second part stratigraphically overlies the previously described 
intcrbedded sands and conglomerates. Beds dip eastwards at up to 20*^  eastwards forming an 
onlapping contact against the inlcrbedded sands and conglomerates (Figure 7.9C). Sedimentary 
characteristics are similar to those previously described although the presence of calcareous marls 
are more evident, interbedded with the sands and conglomerates. The marls are white or pale grey 
coloured and are either massive or have a nodular carbonate development within them. 
The interbedded marls, sands and conglomerates represent deposition within a shoreline backbeach 
(marls), foreshore (sands) and beachface environments (conglomerates). Interbedding of these 
sediments suggests minor fluctuations of sea-level resulting in progradation landwards and seawards 
of the shoreline. Beds of marl may correspond to deposition unthin low energy environments such as 
small lagoons or areas of ponded water which are commonly found in regions in the backshore areas 
of beaches. The beaches act as a barrier behind which marine and freshwater collects, often 
stagnating to form a lagoon. Nodular development within the marls probably represents bioturbation 
by either burrounng organisms or by root structures. 
The stratigraphic relationships between die two units of interbedded marls, sands and conglomerates 
are significant as they provide important information as to how the depositional environments have 
evolved over time. 
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c) Cross-bedded gravel-pebble conglomerates 
The cross-bedded gravel conglomerates form Unit c) within the Garrucha Southern road Section. 
The stratigraphic positioning of these conglomerates is uncertain. It is possible that the 
conglomerates were deposited either after the previously described yellow marine sands and tilled 
beach conglomerates described from Units a) and b), or that they were formed after deposition of the 
coarse sands and gravel conglomerates {Units d) and e). Despite this stratigraphic uncertainty it is 
clear that these cross-bedded gravel conglomerates overlie an erosion surface which cuts down into 
the yellow marine sands (Figure 7.8). Up to 2m thick, the conglomerates are characterised by a basal 
conglomerate overlain by a series of cross-bedded conglomerates. The basal conglomerate is thin 
(c.25cm) and contains rare cobbles and boulders of basement material and reworked beach material. 
Cross-bedded conglomerates overlie the basal conglomerate. Moderately well sorted, the cross-
bedded conglomerates are dominated by weakly imbricated, sub-rounded to rounded clasts of gravel 
and pebbles supported within a coarse sand matrix. Shell fragments and whole examples of 
Glycimeris and Pectenid bivalves are present within both the conglomerates and matrix. Small scale 
cross-beds arc present within the lower part of Unit c) where eastwards dipping (15**), centimetre 
scale planar cross-beds infill small scoured surfaces. Larger scale cross-beds dominate the mid and 
upper parts of the unit where they form 1.2m high planar sets with asymptotic bases (Figure 7.9D). 
Beds have a dominant apparent dip eastwards at up to 25^, although some sets appear to dip 
westwards. Many of the conglomerate beds are characterised by a thin, discontinuous carbonate 
which veneers their upper surfaces. The best exposures of the same large scale cross-bedded 
conglomerates can be observed in old housing construction areas located less than I Om northwards 
of the main road section (Figure 7.9D). 
The cross-bedded conglomerates are interpreted to have been deposited within a deltaic environment. 
Foresets imply a transport direction towards the east in an offshore direction. Moderate sorting and 
relative textural immaturity of the cross-bedded conglomerates in comparison to those of beach 
conglomerates (well sorted, texturally mature) suggests that the conglomerates have not been 
reworked within a marine shoreline environment. Instead these sediments appear to represent fluvial 
inputs into the shoreline area. Foreset heights of up to 1.5m suggest that the fluvial sediment was 
deposited within very shallow water near to the shoreline. The fact that the cross-beds have 
developed in the first place and have then been preserved suggests that this area was partially 
protected from the higher energy wave dominated areas which appears to have affected most of the 
Pleistocene coastline of the Vera Basin. 
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d) Chaotic boulder conglomerate 
Boulders of gravel and rounded pebble conglomerate form part of a chaotically organised unit {Unit 
d) which stratigraphically overlies the interbedded marls, sands and conglomerates (Figure 7.8 & 
7.9E). Up to Im in diameter, boulders are angular to sub-rounded and are supported within a 
similarly composed matrix of gravel and rounded pebbles. Both the matrix and the boulders contain 
rare whole and fragmented pieces of Glycimerts bivalves. Many of the boulders are in direct contact 
with each other. Morphologically, the upper surface of the chaotic boulder conglomerate unit is 
concave (Figure 7.9E). 
The boulder conglomerate is interpreted as a type of rockfall. Boulders appear to be composed of 
beach material similar to that described within previous units and the presence of Glycimeris 
bivalves confirms this. The chaotic nature of the unit suggests that boulders were moved down a 
slope over a small distance but significant enough to cause disintegration into a scries of boulders 
and smaller clasts. Matrix probably infilled spaces inbetween the boulders by insitu degradation of 
larger cobble and boulder clasts and by infilling from clasts washed in and down. Morphologically, 
the unit has the appearance of a landslip expressed within the slight topographic depression on the 
upper surface of the chaotic boulder conglomerate unit. 
e) Weakly bedded coarse sands and gravel conglomerates 
Weakly bedded sands and conglomerates form a 3m thick unit which onlaps onto and drapes over the 
previously described boulder conglomerates (Figure 7.8 & 7.9E). Tlie sands and conglomerates 
occur as a series of poorly defined horizontal thin beds up to 10cm thick that dip gently seawards 
and can sometimes be traced laterally over several metres. In areas adjacent to the chaotic boulder 
conglomerate unit, clearly bedded grey coloured gravel conglomerates are dominant. Moderate to 
well sorted, these conglomerates contain rare fragments and whole examples o f Glycimeris bivalves. 
Upper surfaces of some of the more well defined beds are veneered by a very thin (<lcm) carbonate 
crust. The gravel conglomerate grades laterally eastwards into weakly bedded and massive coarse 
sands. 
The gravel conglomerates represent deposition within a beach environment probably within a beach 
face / foreshore environment which are normally characterised by well stratified sands and 
conglomerates (Clifton, 1972; Nemec & Steel, 1984). The presence of Glycimeris bivalves supports 
a beach environment with shells probably washed up into the foreshore area and incorporated into 
the beach face environment during storm events. The lateral transition from gravel conglomerates 
into coarse sand in a seawards direction may represent a gradation from the beach face / foreshore 
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area into a flat, low gradient shoreface area where sands are subject to swash and backswash of 
waves. The relatively coarse grain size and a lack of sedimentary structures within these sands 
discounts a possible dune origin. 
J) Red sands and laminar carbonate 
Red sands and thin laminar carbonates overlie all of the southern road section forming the 
stratigraphically youngest unit (Figure 7.8 & 7.9A,C). Up to Im in thickness, the sands and 
carbonates infill an undulose topography formed by the upper surfaces of the underlying previously 
described units. Basal parts of the unit are characterised by laterally persistent laminar carbonates 
that can be traced over several metres. Generally the carbonates are thin (<IOcm thick) but locally 
appear to thicken into topographic hollows (c.50cm thick). Sometimes the carbonate beds can be 
traced down into the previously described large scale cross-bedded conglomerates. The sands overlie 
the laminar carbonate horizons and are characterised by a red colouration (2.5YR 4/8; reddish 
brown). Generally the sands are massive and structureless but often contain numerous "floating" 
clasts of gravel and pebbles. 
The red sands and laminar carbonates are pedogenic features corresponding to soil formation 
developed into the uppermost surface of the shoreline sequences. Reddening is probably haematitic 
whilst carbonate development corresponds to a stage llI/TV (Gile et aL, 1966). The occurrence of 
floating clasts within the soil probably reflect to intense pedoturbation of the sands. The soil appears 
can be traced just to the south of the road cutting where it mantles an extensive surface that grades 
seawards, probably representing a pediment surface. 
Section Interpretation 
The southern road section shows that the Pleistocene shoreline sequences within part of the Garrucha 
region had a very complex depositional history. A sequence of relative time events which represent 
the evolution of the section can be determined by combining the stratigraphical and sedimentary 
evidence previously described. These events are shown in a series of block diagrams (Figure 7.10) 
that arc considered in ascending stratigraphic order (Ti through to T?) . 
T i - open marine conditions and initial shoreline development (Figure 7.10) 
The first stage of development was marked by the deposition of the yellow marine sands (Unit a: 
Figure 7.8) within an offshore shelf environment. A lowering of sea-level can be established by the 
occurrence of interbedded sands and conglomerates (Unit b: Figure 7.8) stratigraphically above the 
yellow marine sands. This change in depositional environments from an offshore area to that of a 
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beachface / foreshore region corresponds to a regressional sequence in which a lowering of sea-level 
resulted in the seawards progradation of the shoreline. Tilting of the yellow marine sands probably 
relates to vertical movements along the Palomares fault zones located several hundred metres to the 
west of the road section. 
T 2 - cliff rotation (Figure 7.10) 
Following deposition of the shoreline sequences (Unit b: Figure 7.8) the coastal sediments in this 
region underwent a large scale rotational slide. The highly contorted deformed beds \vithin the yellow 
marine sands represents the slip plane o f the rotation. Folding and slumping within these beds 
suggests that water was present along the slip plane implying that the rotation occurred underwater. 
Further evidence for a subaqueous rotation can be derived from the interbedded bcachface /foreshore 
sands and conglomerates which have retained their bedding. Although probably well cemented on 
rotation, these beds would have been destroyed by a subaerial movement and by subsequent erosion 
common within high energ>' wave dominated envirormients. Therefore in order to retain their well 
bedded form the beach face sediments must have rotated offshore into water o f at least several 
metres depth. The presence of boulders in an area at the top of the section next to the slip-plane 
represents the infilling of space created by the rotation following its emplacement. 
T 3 - shoreline development (Figure 7.10) 
Further shoreline development (Unit d: Figure 7.8) against the rotated block o f former coastal 
sediments (Unit b: Figure 7.8) must have followed a second lowering of sea-level. The onlapping 
contact between the eastwards dipping shoreline sediments and rotated, westwards dipping shoreline 
sediments indicates that sea level was lowered and constructed more beachface / foreshore sediments 
against the rotated block. Tilting of these sediments is again probably related to vertical movements 
by the Palomares fault zone. 
T 4 - deltaic deposition (Figure 7.10) 
As previously stated the timing of the deltaic deposition (Unit c: Figure 7.8) is difficult to ascertain. 
Sedimentation cleariy occurred after the deposition, clifiF rotation and tilting of the yellow marine 
sands (Unit a: Figure 7.8) and the interbedded sands and conglomerates (Unit b. Figure 7.8). 
However, it is not clear whether the deltaic sedimentation occurred prior to or post deposition of the 
shoreline sequences of Units d) and e). The marine sediments reworked by the delta must have been 
sourced from a more basinwards location and therefore may correspond to the earlier shoreline 
deposits related to Unit b) or possibly older. Further evidence from the Northern Garrucha Road 
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section (Section 7.3.4) shows that similar style deltaic deposits are widespread within the Garrucha 
region. 
Ts - clifT rotation and cantilever collapse (Figure 7.10) 
Following the deposition of the deltaic sediments a further lowering of sea-level and a second c l i f f 
rotation is inferred from the presence of chaotic boulder conglomerates (Unit d: Figure 7.8). These 
chaotic conglomerates onlap onto the tilted shoreline sediments (Unit b: Figure 7.8). Sedimentary 
detail of the conglomerate indicates that the sediment is formed from reworked blocks of former 
shoreline sediments or possibly from the deltaic sediments. It is not clear whether the chaotic boulder 
conglomerate is the product of a significant rotational slide similar to the previously described 
example due to a lack of a distinct slip zone and rotated beds. However, the morphology of the 
chaotic boulder conglomerate does correspond to that produced by a landslide. It may be possible 
that the chaotic boulder conglomerate just corresponds to a series of collapsed cantilever blocks 
which have been weathered and disintegrated insitu similar to those observed within the Tyrrhenian 
shoreline sequences further to the south (e.g. Macenas section) 
Tfi - shoreline development (Figure 7.10) 
Development of a subsequent shoreline sequence is determined from the presence of weakly bedded 
coarse sands and gravel conglomerates (Unit e: Figure 7.8) that onlap against and are draped over 
the chaotic boulder conglomerates (Unit d: Figure 7.8). These interbedded sands and conglomerates 
form an extensive unit that can be traced down towards the modem shoreline and probably represent 
a series of superimposed Tyrrhenian beach sequences. Although no specimens o f Strombus buboniits 
have been found the extensive nature of the shoreline sediments and their altitude (up to 15m above 
modem sea level) are similar to other radiometrically dated Tyrrhenian age sequences further to the 
south (e.g. Steams & Thurber, 1965; Goy et a/., 1986; Hillaire-MarccI et al., 1986). 
T 7 - subaerial exposure and soil development (Figure 7.10) 
The extensive soil and pedogenic carbonate development over the whole of the section postdates the 
Tyrrhenian shoreline sequences inferred from the previous event. Both the soil redness (2.5YR 4/8: 
reddish brown) and the extent of carbonate development (Stage FV) are similar to those described at 
the Macenas and Mojacar Playa sections and therefore represent soil formation by subaerial 
exposure of the Pleistocene shoreline sequences following the Warm regression proposed by Butzer 
(1964). 
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7.6.3 Garrucha Quarry 
Exposures within a road section and quarry to the south of the previous section (Location 3b: Figure 
7.3B) are briefly considered in terms of their stratigraphy and sedimentology in order to determine 
whether features such as the major rotational c l i f f side observed within the Southern Road Section 
are laterally extensive or just localised features. Two exposures are considered. The first exposure 
within a road cutting along the main ALI52 next to the quarry entrance displays the lower part of 
the sedimentary succession. The second exposure within the quarry itself displays, mid and upper 
parts of the succession. 
i) The AL152 Road Section (GR.043152) 
The AL152 road section is an 8m high north-south orientated exposure (Figure 7.11 A) that provides 
a shoreline parallel section through the most basinwards location in the Garrucha region, located 
approximately 100m westwards of the Southern Road Section. Sediments comprise poorly cemented 
interbedded sands and conglomerates. The sands are fine to coarse grained, moderate to well sorted 
and commonly laminated (Figure 7.12B). Conglomerates arc composed of sub-rounded to well 
rounded clasts of gravel and pebbles that are supported within a sandy matrix. Moderate to well 
sorted, clasts are dominated by quartz, mica-schist and mcta-carbonate basement lithologies 
probably derived from localised faulted basement structures and the Sierra Cabrera to the south. 
Rare whole shells of Glycimeris and Pectenid bivalves are present within the conglomerates. Upper 
parts of the section comprise a distinct massive mari horizon up to 2m thick (Figure 7.11 A,B). 
The interbedded sands and conglomerates are t)T)ical of beachfacc / foreshore sediments (Bluck, 
1967; Clifton, 1973; Bourgeois & Leithold, 1984; Nemec & Steel, 1984). However, both the 
structure and texture of these lower sequence sediments are similar to the deltaic deposits observed 
within the Southern Road Section. Imbrication o f clasts within the conglomerates is significant, 
suggesting that deposition occurred by a unidirectional flow, possibly by a river. Although lacking in 
cross-beds, which may be a function of the section orientation (parallel not transverse to the 
coastline), it is possible that these sediments represent the reworking of marine sediments within a 
deltaic environment. 
ii) Quarry Section (GR.043151) 
Exposures display a variable mixture of interbedded silts, sands and conglomerates. Thinly 
laminated beds of maris and sand dominate the upper sequence (Figure 7.11C,D). Many of the sand 
beds show evidence for bioturbation, by preservation of simple vertically orientated burrows (Figure 
7.HE). Overlying the interbedded maris, sands and conglomerates is a distinct laterally persistent 
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4 \ ^ 
Figure 7.11 - A : Overview of the 
AL152 road section (GR.043152) . B : 
Interbedded fine sands and 
conglomerates from the basal pari of 
the success ion . Note the thick, 
laterally persistent marl horizon 
within the upper part of the section 
(arrowed). Penci length = 14cm. C : 
Detail of planar cross-bedded 
gravels overlying the laterally 
persistent marl horizon within upper 
pans of the road section. Notebook 
height = 20cm. D : Exposure within 
the main quarried section 
(GR.043151) showing a series of 
interbedded shoreline maris, fine 
sands and gravels. Mari and fine 
sand beds are often bk)turbated. 
Vertrcal field of view = 1.5m. E : 
Detail of a well preserved burrow 
from the previous photo (D:). L e n s 
cap width = 5.2cm. 
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marl unit that can be observed within the uppermost parts of both the quarried sections and the 
previously described AL152 road section. Up to 1.5m thick, the marl horizon has a variable internal 
structure, showing bodi massive (Figure 7.1IC), laminated and intensively bioturbated forms (Figure 
7.11D,E). Locally the mari horizon is overiain by gravel and boulder conglomerates (Figure 7.1 IC). 
Boulders occur as a basal lag and comprise a mixture o f basement and reworked beach material. 
Gravel conglomerates overlie the boulders and show evidence for low angle cross-bedding. The 
uppermost parts of the quarry sections are capped by an extensive thin laminar carbonate and red 
soil. 
Sedimentary units of the upper succession represent deposition within a marine environment. 
Domination of marls and sands within the upper sequences suggests that low energy conditions were 
responsible for deposition. This is unusual for the Pleistocene shoreline sequences found within the 
Vera Basin which show a dominance of relatively high energy wave dominated beach / foreshore 
environments. To produce such laterally extensive fine sediments a barrier to open marine conditions 
must have been present, possibly formed by a type of beach barrier system, behind which existed 
relatively low energy marine conditions in which the marls and fine sands observed in the quarry 
section would have been deposited. The carbonate and red soil are probably Wiirm in age and form 
the upper part of an extensive, low gradient surface that grades seawards (Figure 7.3B). 
Section Interpretations 
Both the road cutting and the quarry section show no evidence for many of the features observed 
within the Southern Road section, such as the tilted shoreline deposits and rotational slides. This 
suggests that the shoreline features observed within the Southern Road Section cannot be traced 
southwards and therefore are probably localised features. Sedimentary units within the road and 
quarry sections are laterally quite extensive and appear to form an overall fining upwards sequence. 
No major breaks of sedimentation appear to occur until the upper parts of the succession where the 
1.5m thick, laterally persistent mari unit is observed (Figure 7.11 A). Sediments within lower and mid 
parts of the succession appear to be marine in origin due to the presence of marine shells and on the 
basis of well defined, thin bedding which is typical of beach sediments (Nemec & Steel, 1984). 
However the imbrication of clasts, low angle cross-beds and relative textural immaturity of some of 
these sediments suggests a possible fluvial origin, or at least marine sediments which have been 
reworked by fluvial processes. Upper parts of the succession exposed within the quarry show little 
evidence for reworking by fluvial processes and instead a domination o f interbedded fine sands and 
marls which have been bioturbatcd suggest a low energy marine or possibly a lagoonal area in 
deposition of fines from suspension occurs under very low energy conditions. 
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7,6.4 Marina Road Section (GR.047164) 
The Marina Road Section is exposed along a minor route into Garrucha port and provides a 
transverse cut through Pleistocene shoreline sequences within the Garrucha region (Location 3c: 
Figure 7.3B). For the purpose o f this study the north side o f the road section is used for the main 
facies descriptions. Overviews of this section are presented within a field sketch and unit diagram 
(Figure 7.12), and a photomosaic (Figure 7.13). 
Sedimentology 
Sedimentary units which comprise the Marina Road Section correspond to a series of key facies 
described below. 
a) Cross-bedded sandstones and conglomerates 
Cross-bedded sandstones and conglomerates dominate the Marina Road Section. The cross-beds 
comprise both small and large scale planar sets that are parallel and asymptotic. Small-scale sets are 
characterised by medium to coarse pebbly sandstones that are most evident within the basal parts of 
the section (Figure 7.13 & 7.14). Forming units up to 0.5m thick, cross-beds comprise low angle (8-
20**) foresets that prograde predominantly in an east to north-easteriy direction. Large scale planar 
cross-beds with as>TTiptotic contacts dominate the mid and upper parts of the section, where they are 
composed of gravel-pebble conglomerates. Up to 2m high, the cross-bedded units comprise relatively 
steep (8-20°) foresets which prograde in a northeast to easterly direction. Individual foresets can 
sometimes be traced laterally for up to 8m. Moderate to well sorted, the cross-bedded conglomerates 
comprise a mixture of sub to well rounded gravel and pebble clasts that are supported within a sandy 
matrix. Clasts are characterised by a mixture of basement derived quartz, carbonate, mica-schists 
and purple coloured Triassic material. Both sands and conglomerates contain rare, disarticulated 
shells of Glycimeris and Pectenid bivalves. 
The cross-beds represent deposition within a deltaic environment. Easterly palaeocurrents suggest 
sediments were derived from landward areas to the west. This is supported by the presence of purple 
coloured Triassic mica-schists which form a major component of the basement pop-up structures 
associated with the Palomares fault zone just to the west o f Garrucha today. Within deltaic 
environments, the foreset thickness approximates to the depth o f water on deposition (Postma & 
Roep, 1985). In this case, the larger foresets would indicate deposition in water up to 2m deep, 
whilst the smaller foresets were deposited in much shallower water up to 0.5m deep. This suggests 
355 
Soil & calcrote development 
Major deltaic progrodatlon 
I I Deltaic wedge 
Dettolc wedge 
1 ] Laterally persistent conglomerate unit 
I I Small-scato cross-beds 
I 
(ft 
I 
ft 
r 
I 
I" i 
2 
Figure 7.12 - Field sketch and unit diagram of the northern side of the Marina Road 
Section (GR.147164).Lower parts of the succession are dominated by small-scale 
cross-beds and bioturbated units which are cut into by a series of deltaic wedges 
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large-scale, 2m high foresets which prograde easteriy. A red soil and calcrete cap the 
section. Person's height = 1.63m. 
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that sedimentation within this deltaic environment occurred within a series of larger, deeper channels 
and smaller, shallow channels, possibly forming a small fan-like distributary system on reaching the 
sea. 
b) Bioturbated sandstones 
Bioturbated sandstones form only a minor component of the Marina Road section. They mainly 
occur at the westem most end of the section within mid parts o f the exposure (Figure 7.12 & 7.13). 
In fact the most clearly exposed faces are located on the southem side of the road. Here, a Im thick 
unit of extensively bioturbated fine to medium sandstones are interbedded with the previously 
described deltaic origin cross-bedded conglomerates and sandstones (7.14A). Weathering of the 
bioturbation structures gives a nodular appearance to the sandstone. Remnants of the original 
bedding can be observed, characterised by a series of thin bedded massive sandstone units, each up 
to 2cm in thickness. Recently weathered blocks of these beds show extensive bioturbation on the 
base of beds (Figure 7.14B). This bioturbation is characterised by horizontal tubular stmctures, 
which generally occur as solitary forms and rare branching forms, 2-3mm wide and up to 3cm long, 
with stmctureless fills (Figure 7.14B). 
The bioturbated sandstones were deposited in a shoreline environment as part of the deltaic 
sequence. The nodular bioturbation stmctures, although difficult to classify accurately, probably 
represent simple, vertical burrow structures belonging to a Skolithos ichnofacies association similar 
to those found within a shallow marine environment (Crimes, 1975; Simpson, 1975; Collinson & 
Thompson, 1989). Morphologically, the horizontally orientated burrows are similar to a form of 
Planolites or Thalassinoides which are characteristic of a Skolithos ichnofacics association (Crimes, 
1975; Simpson, 1975; Collinson & Thompson, 1989) found within transitional continental and 
marine environments. These burrows are produced by worm like organisms which burrow through 
sand sediment by ingestion (Simpson, 1975). 
c) Massive medium-coarse sands 
Massive medium-coarse sands occur within the eastem most parts of the Marina Road section where 
they form a poorly exposed 3m thick unit that stratigraphically overlie the cross-bedded sandstones 
and conglomerates (not shown in diagrams). Moderate to well sorted and very poorly cemented, the 
sands contain very rare fragments of Glycimeris bivalve shells and terrestrial gastropods. 
Weathering of the surface of these sandstones shows a pitted nodular surface. 
These massive sands probably correspond to deposition within an upper shoreface or foreshore sands 
that grades into a back beach / dune environment. This interpretation is based upon the presence of 
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Figure 7.14 - A: Interbedded bioturbated sands from the mid part of the Marina 
Road Section (GR.047164). Pencil length = 14 cm. B: Common Skolithos 
ichnofacies association (possibly Planolites) obsen/ed from bedded sands within 
the mid part of the northern road section. Pencil length = 14cm. 
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rare Glycimeris bivalves and terrestrial gastropods which are commonly found within such areas of 
the shoreline. Nodular weathering patterns on the surface of the sands may reflect former root traces 
(early rhizolith development) or weakly cemented bioturbation structures. Although no cross-bedding 
can be observed within the sands due to poor consolidation and an inability to produce a clean 
section, the textural characteristics of these sandstones are consistent with the aeolianite sands 
observed within the Mojacar, Macenas and other parts of the Garrucha sections. Stratigraphically 
the massive sands are overlain by a red soil which is similar in terms of colour and carbonate 
development to others observed within Pleistocene shoreline sequences in the Vera Basin (e.g. 
Macenas section). 
d) Red sandstones and laminar carbonates 
Red sandstones (2.SYR 4/8: reddish brown) and thin laminar carbonates (Stage IV Gile et al., 1966) 
overlie most of the Northern Road Section. These are pedogenic features similar to those described 
from the other sections within the Garrucha region. 
Section Interpretation 
The Marina Road Section within the Garrucha region is dominated by cross-bedded sands and 
conglomerates deposited within a deltaic environment. Because foresets do not exceed 2m in 
thickness, deposition is thought to have occurred within very shallow waters probably within a 
nearshorc area. TTic fact that delta foresets were preserved indicates that this region may have been 
partially protected from the relatively high energy wave dominated shorelines which characterise 
most of the Pleistocene shoreline regions within coastal areas of the Vera Basin. A dominant 
transport direction to the east / northeast and local sediment derivation suggests that a river system 
joined the Mediterranean Sea at this location. It is uncertain which drainage system transported these 
deltaic sediments because both the modem Rio Aguas and Antas join the Mediterranean Sea close to 
the Garmcha region. 
The massive sandstone which stratigraphically overlie the deltaic deposits is similar to other 
palaeosols observed within the Pleistocene shoreline sequences in terms of its redness and thickness. 
This sequence is therefore similar to the Tyrrhenian-Wiirm regressional sequence as proposed by 
Butzer (1964) and Harvey (1987) and post-dates the deltaic sediments which may be Tyrrhenian or 
pre-Tyrrhenian in age. 
7. 6.5 Northern Garrucha Section (GR.051174) 
Exposures along an abandoned road cut adjacent to the C3327 road, leading northwards out of 
Garrucha towards Vera town are located several hundred metres northwards of the previously 
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described Marina Road Section (Locality 3d: Figure 7.3B). This section is briefly considered in 
order to establish whether the deltaic deposits from the previously described Marina Road section are 
laterally extensive. 
Up to 8m high, the section is north-south orientated and is dominated by interbedded conglomerates 
and sandstones (Figure 7.15). Lower parts of the Northern Garrucha section are characterised by a 
poorly exposed 1.5m thick unit of laminated beige coloured marls, interbedded with thin (cm thick) 
lenses of coarse sand, gravel and rounded pebbles. The marl may have been deposited within a 
backshore, low energy environment either representing part of a barred lagoonal area or just ponding 
and stagnation of marine waters trapped behind a topographically high beachface region. 
Interbedding of thin lenses of sand, gravel and pebbles within the marls suggests that these low 
energy areas frequently received coarser material from the beachface region, possibly washed over 
during storm events. 
Mid and upper parts of the Northern Garrucha section are dominated by up to 5m of well bedded 
coarse sands and gravel-pebble conglomerates (Figure 7.15). Moderate to well sorted, the sands and 
conglomerates occur within a series of laterally persistent beds up to 10cm thick, that can be traced 
laterally over several metres. The conglomerates are characterised by sub to well rounded clasts of 
gravel and pebbles supported within a sandy matrix. Clasts are characterised by quartz, carbonate, 
mica-schist, tourmaline gneiss and amphibolite lithologies suggesting a reworked basement source. 
Fragments and whole shells of Glycimeris and Pectenid shells are present. Small transverse cuts 
through the sandstones and conglomerates indicate that the beds dip gently seawards. The sandstones 
and conglomerates are t>'pical shoreline sediments deposited within a beachface / foreshore 
environment (Bluck, 1967; Clifton, 1973; Bourgeois & Leithold, 1984; Nemec & Steel, 1984). 
Uppermost parts of the Northern Garrucha section show a thick laminar carbonate and red coloured 
pebbly sand which overlie the previously described beachface sediments (Figure 7.15). The laminar 
carbonate is developed into the beachface conglomerates and can be traced laterally over several 
tens of metres forming localised thicknesses of up to 30cm. Red pebbly sands (SYR 7/6 - orange) 
overlie the laminar carbonates are also laterally extensive over several tens of metres, forming units 
locally up to Im thick. The laminar carbonate corresponds to the development of a pedogenic 
calcrete (Stage IV, Gile et al., 1966) whilst the red pebbly sand represents formation of a red soil. 
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Figure 7.15 - Overview of the mid and upper parts of the Northern Garrucha Road 
Section (GR.051174). The section comprises thin, interbedded conglomerates and 
sandstones deposited within a wave dominated beach environment. Two beach units 
can be identified (a and b) which correspond to a superimposed Tyrrhenian sequence, 
overlain by a Wurm age red soil and calcrete (c). Hammer height = 0.35m. 
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Section Interpretation 
The Northern Garrucha section represents deposition in a transitional shoreline environment. Initial 
deposition of marls occurred within a lagoonal or backbeach environment, probably directly behind 
the main beachface / foreshore zone which acted as a barrier behind which flood or storm waters 
could pond. The marls grade upwards into beachface conglomerates in the mid parts of the section 
suggesting a landwards progradation of the shoreline possibly caused by a minor rise in sea-level. It 
is likely that the three beach units are stratigraphically equivalent to the multi-phase Tyrrhenian 
beach sequences observed at similar altitudes within other parts of the Vera Basin (e.g. Macenas, 
Mojacar Playa, Garrucha region) despite the apparent absence of Strombus bubonius gastropods. 
Gradation laterally and vertically into dune sands within the mid-upper parts of the section indicates 
a seawards progradation of the shoreline and a switch to continental conditions. The red soil and 
calcrete developed into the upper surfaces of the beachface and dune sediments corresponds to a 
significant period of subaerial exposure, probably produced by an ongoing fall in sea-level. 
The sequence of beachface conglomerates, overlain by dune sands and a red soil-calcrete are similar 
to the Tyrrhenian-Wiirm regressional sequences as proposed by Butzer (1964) on the Balearic island 
of Majorca and Harvey (1987) at Macenas. There is no evidence for deltaic sediments within this 
locality which therefore suggests that the sediments within the Marina Road Section (GR.047164), 
several hundred metres to the south (Figure 7.3B), are a localised phenomenon. 
7.6 SYNTHESIS AND DISCUSSION 
Pleistocene shoreline sequences within the Vera Basin are consistently characterised by gravel-
pebble conglomerates deposited within a beachface environment. Similar modem or sub-recent 
beaches dominated by gravel and pebble conglomerates are usually associated with relatively high 
energy, wave dominated shorelines, which are receiving and reworking large sediment inputs from 
nearby river systems (Bourgeois & Leithold, 1984; Nemec & Steel, 1984). Preservation of such 
beach conglomerates within the ancient record is uncommon due to the high rates of erosion which 
normally affect high energy shorelines (Bourgeois & Leithold, 1984). The Vera Basin is therefore 
unusual as it characterises the occurrence of a high energy, wave dominated environment throughout 
the Pleistocene in which shoreline deposits have been preserved. 
The key localities used within this study at Macenas, Mojacar Playa and Garrucha all display 
different numbers of Pleistocene shorelines. At Macenas only Tyrrhenian and younger shoreline 
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sediments are preserved at up to +IOm. The sequence comprises a lower, multi-phase series of three 
superimposed Tyrrhenian beach deposits, overlain by dune sands, alluvial fan deposits and weakly 
crusted red soil, which are developed onto metamorphic basement of the Sierra Cabrera. Along 
Mojacar Playa a more complete sequence of Pleistocene shoreline sequences are present, developed 
onto metamorphic basement of the Sierra Cabrera. Up to +80m above modem sea-level, seven beach 
levels are preserved (Goy & Zazo, 1982). Lx)wer levels comprise two superimposed Tyrrhenian 
beaches, locally overlain by a dune sand, slope colluvium and red soil up to +I5m above sea-level. 
The colluvium and red soil form extensive pedimented surfaces that can be traced down from the 
mountain front of the Sierra Cabrera. Upper, higher levels comprise laterally impersistent, often 
isolated remnants of beachface conglomerates. In the Garmcha region the remains of shoreline levels 
is highly variable. Along Moro Manco, a faulted portion of the Sierra Cabrera, seven shoreline levels 
can also be identified, similar to those observed within the Mojacar Playa region. However, within 
Garmcha town itself a complex series of pre-Tyrrhenian and Tyrrhenian sequences are preserved. 
Pre-Tyrrhenian sequences comprise a series of shoreline and deltaic sediments. Whilst Tyrrhenian 
sequences comprise a t>'pical arrangement of three superimposed beachface conglomerates overlain 
by dune sands and a well developed calcrete-red soil. 
Synthesis of the stratigraphical and sedimentological aspects of the Pleistocene shoreline levels 
within the Vera Basin produces a number of consistencies: 
1. All Pleistocene beachface shoreline sequences were formed within a high energy, wave 
dominated environment. 
2. The stratigraphic sequence for Pleistocene shorelines within the Vera Basin conforms with the 
stratigraphy proposed by Goy & Zazo (1982): a lower sequence of 2-3 superimposed Tyrrhenian 
beach and associated deposits, overlain by an upper series of up to 5 pre-Tyrrhenian shoreline 
sequences. 
3. Dune sand, slope colluvium, red soil and calcrete development which lie stratigraphically above 
the Tyrrhenian beach levels relate to a Wiinn regressional sequence as identified for the westem 
Mediterranean region by Butzer (1964) and Harvey (1987). 
4. The most complete pre-Tyrrhenian shoreline sequences are developed onto well cemented 
substrates (in most cases metamorphic basement) which form a significant topographic relief 
(i.e. the Sierra Cabrera, Moro Manco). 
5. The present day distribution of the shoreline sequences is a function of sea-level change 
throughout the Pleistocene. Despite the proximit>' of the Palomares Fault Zone, the Pleistocene 
shoreline sequences within the Vera Basin show very little direct evidence for deformation (see 
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Chapter 4). Regional epeirogenic uplift may have accentuated sea-level change but has not 
directly influenced the positioning of the shoreline levels. 
7.7 P L E I S T O C E N E DRABVAGE S Y S T E M S AND S H O R E L I N E S E Q U E N C E S 
The presence of deltaic sediments within the Gamicha region indicates that a major river system 
once joined the Mediterranean Sea at this locality. To which drainage system the deltaic sediments 
relate, is not clear. Presently, the Rio Aguas joins the Mediterranean Sea to the south of Gamicha 
town, whilst the Rios Antas and Almanzora join to the north. Chapters 5 and 6 demonstrated the 
early to mid Pleistocene evolution of these drainage systems but little evidence was presented for 
their development during the late Pleistocene due to poor exposure and difficulty in correlating river 
terraces. These pre-Tyrrhenian deltaic sediments provide some information of the interaction 
between the main drainage systems and the marine environment during the late Pleistocene. 
Of the three principal drainage systems. Chapter 6 established that the ancestral Rio Almanzora 
joined the Mediterranean Sea in more or less the same location as it does today. Terrace remnants 
corresponding to the ancestral Rio Antas are characterised by conglomerates only within the oldest, 
most proximal mountain front regions, becoming dominated by sand grade material within younger, 
more distal regions. Deltaic sediments within the Garrucha region are dominantly conglomeratic 
suggesting that they are not part of the ancestral Rio Antas drainage system. An overall east to 
northeasterly transport direction of these conglomeratic deltaic sediments would indicate that they 
form part of the Pleistocene development of the ancestral Rio Aguas. 
The modem geomorphic expression of the Vera Basin provides further evidence for the former 
positioning of the ancestral Rio Antas. In the area to the north of Mojacar, the modem Rio Aguas, 
when in flood, flows across an extensive flat plain area developed into deep water marls of the Turre 
Formation (Figure 7.16). In coastal areas this flat plain is punctuated abruptly by a series of 
basement inliers which relate to fault slithers or "pop-up" structures, exposed by strike-slip 
movement along the Palomares Fault Zone (Figure 7.16). The spacing of these basement inliers 
would suggest that the ancestral Rio Aguas once flowed around them, eventually joining the 
Mediterranean Sea within the Garrucha region. 
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Figure 7.16 - A: View southwards from 
Garrucha quarry (Locality 3b: Figure 7.3B) 
towards Mojacar town (m). The modern Rio 
Aguas flows eastwards at the foot of Mojacar 
town. Note the low gradient plain punctuated by 
basement pop-up stmctures wrthin the 
Palomares Fault Zone (p). Turre village = t. The 
ancestral Rio Aguas is envisaged to have 
flowed northeastwards around these basement 
structures during the Pleistocene forming the 
deltaic deposits observed within the Garrucha 
region. B: View northeastwards to Garrucha 
town (g), which has been constructed on 
Pleistocene beach deposits. The pre-Tyrmenian 
ancestral Rio Aguas flowed between the two 
basement pop-up structures (p) forming the 
deltaic deposits in the Gan-ucha region. 
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Despite the good preservation of the Pleistocene drainage network within the Vera Basin, 
particularly within proximal areas, any correlation between the Pleistocene drainage network and the 
shoreline areas is difficult. The main reason for this diffrculty relates to depositional setting of the 
shoreline region, characterised by a high energy, wave dominated setting. Any flood events 
depositing sediment into the shoreline areas would rapidly be reworked into beachface and nearshore 
sediments. Only within protected areas would any sort of fluvial-shoreline interaction be preserved 
as is shown within the Marina Road Section at Garrucha. 
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8.1 PLTO-PLEISTOCENE DEFORMATION 
8.1.1 Introduction 
Deformation of the Vera Basin during the Plio-Pleistocene is related to a dominant phase of regional 
north-south compression relating to the interaction of the African and Iberian plates. Most of the 
compression is taken up along the major left lateral strike-slip fault, the Palomares Fault Zone, 
which defmes the eastern margin of the Vera Basin. Since the Pliocene, the region has been uplifted 
in response to the N-S compression and from an ongoing isostatic response following nappe 
emplacement. A s>'nthesis of the tectonic response of the Vera Basin to these regional deformational 
patterns is presented below. 
8.1.2 Early Pliocene Deformation 
During the early Pliocene deformation within the Vera Basin was relatively low, dominated by slight 
unsteady left lateral movement along the Palomares Fault Zone (Section 4.3), Displacement along 
this strike-slip fault triggered large-scale submarine slides within the Garrucha region of the basin, 
adjacent to the fault zone. 
8.1.3 Mid-Late Pliocene Deformation 
Mid to late Pliocene deformation within the Vera Basin is dominated by considerable left lateral 
movement along the Palomares Fault Zone. Detachment and northwards movement of the Sierra 
Almagrera along the fault resulted in partial enclosure of the Vera Basin. The enclosure is inferred 
from the presence of westwards prograding Gilbert-type fan delta deposits which crop out within the 
centre of the basin (Section 4.3). Uplift towards the end of the Espiritu Santo Formation and the 
switch to continental conditions marks the early inversion phase of the Vera Basin. 
8.1.4 Early Pleistocene Deformation 
The early Pleistocene within the Vera Basin is characterised by a distinct episode of deformation 
which corresponds to the main pahse of basin inversion (Section 4.4). Left lateral strike-slip 
movement along the Palomares Fault Zone in the east of the basin was relatively quiescent, with the 
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Sierra Almagrera having taken on more or less its modem day position. The main deformation 
occurred within westem, central and northern regions of the basin and was dominated by the 
development of NW-SE to N-S extensional faults. Vertical displacement along these faults produced 
uplift rates in excess of 21m Ma'\ Along the westem basin margins, extensional faulting lead to 
passive folding of alluvial fan sediments of the Salmeron Formation. 
8.1.5 Mid-Late Pleistocene Deformation 
During the Mid to Late Pleistocene, deformation within the Vera Basin became considerably 
reduced. The basin continued to undergo regional uplift which resulted in the overall dissection by 
the major drainage systems (Section 4.5). TTiis dissectional episode corresponds to the post-inversion 
phase of deformation. Small vertical movements occurred along the Palomares Fault Zone, whilst 
within modem times earthquake activity has been recorded near to the towns of Vera and Cuevas del 
Almanzora. 
8.2 PLIO-PLEISTOCENE PALAEOGEOGRAPHY 
8.2.1 The Cuevas Formation (Early-Mid Pliocene) 
The Cuevas Formation represents an early Pliocene marine transgression within the Vera Basin. This 
transgression follows a Mediterranean wide late Miocene fall in sea-level. The early Pliocene 
transgression infilled a relatively pronounced submarine basin topography, forming a broad, low 
gradient, shallow marine shelf environment (Section 3.2.2). In the south of the Vera Basin, 
continental or coastal plain conditions may have existed, linking the continental Sorbas Basin 
(Mather, 1991) with Vera. To the east and northeast, the Vera Basin was open to the Pliocene 
Mediterranean Sea. Shorelines developed along the northern and westem basin margins along the 
Sierra de los Filabres and Sierra Almagra which were present as significant emergent topographic 
reliefs (Section 3.2.3). 
8.2.2 Espiritu Santo Formation (Mid-Late Pliocene) 
During Espiritu Santo Formation times the Vera Basin underwent a dramatic reorganisation of 
palaeogeography. Unsteady strike-slip movement along the Palomares Fault Zone along the eastern 
basin margin resulted in partial enclosure of the Vera Basin by a stmcturally detached landmass. 
The detached landmass supplied large volumes of sediment to a protected marine embayment in 
which Gilbert-type fan-deltas developed, prograding towards the west (Section 3.4). 
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The Vera Member represents the development of two distinct fan-delta lobes within the centre of the 
Vera Basin (Section 3.4.2). The more northerly of these fan-delta lobes may correspond to ongoing 
northwards migration of the structurally detached landmass by unsteady movement along the 
Palomares Fault Zone. During the early stages of fan-delta development, sediment derived from the 
fan-delta bodies was reworked into the shoreline areas along the northern and western basin margins. 
The conglomerate dominated shoreline sequences suggest that nearshore areas were high energy 
wave dominated shorelines, particularly the western shorelines which in places were quite steep and 
rugged. 
During progradation of the second basinal fan-delta another, smaller fan-delta, prograded from the 
northern basin margin (Section 3.4.3). Interaction of the northern margin and basinal fan-delta 
sequences created an enclosed area in the northern part of the Vera Basin within which sediments of 
the Almanzora Member were deposited. Sedimentation was characterised by low energy brackish 
water conditions, typical of swamp or mangrove conditions in a relatively humid, possibly sub-
tropical climate (Section 3.5). 
8.2.3 $almer6n Formation (Late Pliocene-Early Pleistocene) 
The Salmeron Formation represents the initiation of continental conditions within the Vera Basin. A 
convergent consequent drainage network developed as a response to the retreating Pliocene 
shorelines of the Cuevas and Espiritu Santo Formations. Continental conditions were established 
firstly on the western basin margin where alluvial fans sourccd from the Sierra de Bedar and Lisbona 
prograded east and northeast\vards towards the remaining coastal area in the northern region of the 
basin (Jauro System: Section 5.5). Along the northern basin margins the first evidence for 
continental conditions is derived from a single alluvial fan located to the northwest of Cuevas del 
Almanzora town which formed the topset beds of the basin margin fan-delta (Cuevas System: 
Section 5.3). 
Once continental conditions were fully established within the Vera Basin, alluvial fans from the 
northern and western basin margins prograded and coalesced in their distal regions. The 
northwestern basin margin was drained by a small ephemeral stream (Salmeron System: Section 5.4) 
which developed within a topographic low between the uvo major fan systems (Cuevas & Jauro). 
Within distal areas of the northern margin fans (Cuevas System: Section 5.3) an ephemeral playa 
lake developed suggesting that climatic conditions during Salmeron Formation times were arid within 
inland, continental areas. 
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Late stages of the Salmeron Formation correspond to the beginnings of the major early Pleistocene 
deformation phase within the Vera Basin. Ongoing regional uplift and extensional faulting of the 
basin during this period resulted in alluvial fan abandonment. Along the western basin margins, 
deformation resulted in localised fan entrenchment and the establishment of an incised braided river 
from a source area within the Sierra de Bedar, the early Pleistocene Rio Antas (Section 5.5). This 
tectonically induced switch in depositional style and source area provenance marks part of the early 
stages of the superimposition of the Pleistocene drainage network. 
8.2.4 Post Salmer6n, Pleistocene Drainage Systems 
The Pleistocene drainage network was consequent and developed following the major, early 
Pleistocene basin-wide phase of deformation. Evolution of the drainage neUvork is represented by a 
sequence of fluvial terrace conglomerates which record the progressive dissection of the Vera Basin. 
Along the western basin margins the ancestral Rio Antas was superimposed onto the former alluvial 
fan sequences of the Salmeron Formation. Development of this drainage saw dissection and 
expansion of the catchment area within the Sierra de Bedar region (Section 6.2). Within northern 
parts of the Vera Basin, uplift of the Salmeron Formation alluvial fans resulted in dissection and the 
formation of a series of early Pleistocene mountain front streams onto the former, low gradient shelf 
area of the Cuevas Formation (Section 6.4). One of these streams was fed by an antecedent 
transverse drainage line which had developed over the axis of the Sierra Almagra, originally feeding 
the northern margin fan-delta body during Espirilu Santo Formation times. Lateral migration of the 
early Pleistocene streams formed a broad braid-plain which drained southwards towards the 
Pleistocene shoreline areas, probably reworking the proximal parts of the former basinal fan-delta 
sequences of the Espiritu Santo Formation. Dissection by these streams saw the establishment of the 
transverse drainage as the dominant drainage line during mid to late Pleistocene times. Although 
generally unclear, the origins of the Rio Aguas in the south of the Vera Basin appear to relate to an 
aggressive westwards eroding stream which captured the southwards draining Rio Aguas-Feos 
during the Pleistocene. 
8.2.5 Post Salmeron, Pleistocene Shoreline Sequences 
Following the retreat of the Pliocene shorelines the Vera Basin became open again to the 
Mediterranean Sea following emplacement of the Sierra Almagrera in more or less its modem day 
position at some point during the early Pleistocene. These shorelines formed the distal parts of the 
Pleistocene drainage systems. The shorelines are only preserved along the eastern basin margins and 
show a progressive reduction in height with time. Evidence for interaction of the shorelines with 
distal parts of the Pleistocene drainage network is limited. Only the presence of a small, low gradient 
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deltaic system, forming part of the ancestral Rio Aguas exposed within Pleistocene sequences of the 
Garrucha region shows any evidence for the Pleistocene drainages within coastal areas (Section 7.6). 
High energy wave dominated shorelines have reworked any fluvial inputs into Pleistocene shoreline 
regions. 
8.3 C O N T R O L S ON BASIN E V O L U T I O N 
8.3.1 Sea-Level 
Sea-level was important during the early Pliocene history of the Vera Basin during which a rising 
sea-level flooded the Vera Basin following the late Miocene Mediterranean wide fall in sea-level. 
Sedimentation which resulted in the development of a broad, low gradient shelf environment onto 
which the Plio-Pleistocene drainage networks were developed. 
Following the maximum early Pliocene transgression, sea-level was gradually reduced during the 
Plio-Pleistocene. It is clear that the retreating Cuevas and Espiritu Santo Formation shorelines 
exposed the topographic surfaces onto which the early, most proximal parts of the primary drainage 
network was superimposed. However, regional epeirogenic uplift of the Vera Basin during the Plio-
Pleistocene would accentuate a falling sea-level thus making the role of sea-level during the later 
stages of basin evolution unclear and difficult to separate from regional tectonic signatures. 
Fluctuating sea-level during the Pleistocene relating to glacial and interglacial periods appears to 
have had very little affect on aggradation and dissection within the fluvial systems. In accordance 
with the findings of Leopold and Bull (1979) and Koss et al., (1994) these fluctuations in sea-level 
probably affected shelf areas as is highlighted by the construction of different Pleistocene shoreline 
levels along the eastern basin margin, with only small upstream affects being felt within the fluvial 
system. 
8.3.2 Climate 
Climate has controlled the rates of sediment supply to the Vera Basin during the Plio-Pleistocene but 
its direct affect is difficult to unravel from sedimentation caused by tectonics. Pliocene times see a 
relatively humid, possibly sub-tropical environment within shoreline and open marine areas (Cuevas 
& Espiritu Santo Formations). Evidence for these climatic conditions is derived from 
palaeontological remains. High sedimentation rates during Espiritu Santo Formation times may 
relate to increased run-off rates associated with the more humid conditions during this period. 
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however, increased tectonic activity during this period may also have increased sediment supply to 
the basin. It is therefore probable that both factors were in part responsible for increasing sediment 
supply and run-ofif. With the onset of continental conditions during the late Pliocene climatic 
conditions became more arid. Sediments of the primary drainage system were transported by 
ephemeral streams which are typical of semi-arid and arid regions. Palaeosols were characterised by 
hydromorphic entisols and aridsols which support a semi-arid climate, but suggest a strong 
seasonaHty, with a pronounced wet season. Direct evidence for semi-arid / arid conditions during the 
late Pliocene / early Pleistocene is derived from the presence of an evaporitc playa lake in distal parts 
of the northern fan system. Throughout the Pleistocene climate fluctuated markedly relating to the 
European glacial and interglacial periods. Sediment generation during the glacial periods was 
increased and expressed by aggradation within the fluvicil system. However, ongoing epeirogenic 
uplift of the Vera Basin appears to have exceeded the climatically induced sediment supply resulting 
in the overall dissection of the basin. 
8.3.3 Tectonics 
Tectonics appear to be the main control of basin evolution throughout the Plio-Pleistocene. The 
major reorganisation of palaeogeography during Espiritu Santo Formation times was directly 
controlled by considerable unsteady left-lateral movement along the Palomares Fault Zone. Partial 
enclosure, combined with uplift of the basin resulted in southern, western and central parts regions 
becoming continental, allowing the primary, consequent drainage systems (Salmeron Formation) to 
be superimposed onto the former marine topography (Cuevas & Espiritu Santo Formations). The 
importance of tectonics in controlling the evolution of the primary drainage network is highlighted 
along the western basin margins where extensional faulting increased fan surface gradients leading to 
entrenchment and the development of a new secondary consequent drainage line, the ancestral Rio 
Antas. Ongoing uplift of the basin throughout the Pleistocene resulted in the Pleistocene drainage 
network undergoing dissection. Along the northern basin margins, uplift of the Sierra Almagra since 
the late Miocene has been matched by incision o f the Rio Almanzora which became established as a 
transverse antecedent drainage fed from the Almanzora Corridor. 
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8.4 IMPLICATIONS OF RESEARCH 
The Vera Basin case study has demonstrated that the late stages of basin development, and in 
particular, the evolution of the drainage systems, has been controlled by tectonics. The following 
examples from the Vera Basin case study highlight the dominant tectonic control: 
1. Despite the early importance of relative sea-level in flooding the Vera Basin during the early 
Pliocene marine transgression, the subsequent reorganisation of basin palaeogeography and switch 
from marine to continental deposition has been controlled by strike-slip movement along the 
Palomares Fault Zone and differential epeirogenic uplift of the basin. 
2. The tectonically induced re-oganisation of basin palaeogeography during the mid-late Pliocene 
(Espiritu Santo Formation) provided the topography onto which the primary consequent drainage 
neUvork (Salmeron Formation) was developed. 
3. Abandonment of the primary consequent drainage network (Salmeron Formation) was directly 
related to a basin-wide phase of deformation during die early Pleistocene. North-south compression 
was expressed by east-west extensionaJ faulting. Along the western basin margins, extensional 
faulting stimulated a geomorphic response within the alluvial fan systems. Differential uplift over the 
extensional fault blocks resulted in fan entrenchment and rapid headwards erosion towards the 
southwest basin margins, culminating in complete fan abandonment and the development of a new 
secondary consequent drainage line (Rio Antas). The abandonment of the primary drainage network 
and establishment of the new secondary consequent network is characterised by dramatic changes in 
depositional style and source area provenance. 
4. Basin-wide deformation of the primary drainage network provided the topography onto which the 
secondary consequent drainage neuvork was superimposed during the Pleistocene. 
5. Dissection of the Pleistocene drainage network resulted from the ongoing epeirogenic uplift of the 
Vera Basin. Climatic fluctuations during glacial and interglacial periods caused aggradation and 
dissection within the fluvial system but the overall trend of dissection is attributed to tectonics. 
6. Distal areas of the Pleistocene drainage network were rapidly reworked by high energy wave 
dominated shoreline regions. This highlights the difficulty of correlation between shoreline and 
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fluvial sequences, particularly within high energy depositional settings. Sea-level constructed the 
different shoreline levels but their present day elevation is a function of ongoing regional uplift. 
Despite having a complete drainage network which has evolved over a period o f at least three million 
years (late Pliocene to Pleistocene) the Vera Basin case study has highlighted the complexity of 
drainage evolution during this period. There is often difficulty in isolating the principal factors 
controlling drainage evolution because similar sedimentary signatures may be produced by very 
different controlling factors. This study has shown that the superimposition and long term 
development of the fluvial system has been controlled by the regional deformation patterns o f north-
south compression and uplift. Sedimentary successions have recorded the response of the fluvial 
system to tectonics by dramatic changes in depositional style and provenance. 
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